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I.  SUMMARY/RECOMMENDATIONS 

A.  PROPELLLANT-LINER-INSULATION 

Seven  motors  were  tested  as  part  of  the  ongoing  Ignition  Delay  Pro¬ 
gram  during  this  reporting  period  (page  45).  Sample  variability  continues  to 
be  a  problem;  especially  on  regrain  motors.  The  quality  of  the  propellant  sur¬ 
faces  in  the  fin  slots  of  recent  regrain  motors  has  been  very  poor  and  is  not 
typical  of  the  released  surface  in  the  rest  of  the  motor.  Manufacturing  is 
aware  of  the  problem.  Improvement  of  the  excise  tooling  is  proceeding 
cautiously. 

Results  from  nondestructive  testing  indicate  that  two  motors  show  a 
significant  deviation  from  the  mean  E0  of  the  washout  motors.  Motor  AA21321 
is  the  early  age-out  motor  and  Motor  AA20629  is  the  "cracked"  motor.  The 
deviations  from  the  mean  for  these  motors  are  -35%,  and  -17.7%,  respectively 
(page  44). 

The  remanufactured  motors  show  large  variance  from  the  mean  EQ. 
Since  the  motors  are  usually  tested  within  one  month  of  the  cast  date,  these 
variations  may  be  a  result  of  propellant  changes  associated  with  postcure. 

Since  the  last  report  period,  31  motors  were  visually  inspected 
(Page  39).  Motor  SN  AA20629  revealed  an  11-ln.  crack  in  the  nozzle  well.  The 
cause  of  the  crack  cannnot  be  attributed  to  aging.  This  motor  is  discussed  in 
Section  VI.C.l  of  this  report  (page  73). 

Visual  inspection  of  motors  by  OO-ALC  is  being  included  in  the 
database.  The  data  source  greatly  increases  the  value  of  the  visual  Inspection 
data  and  should  be  continued.  These  data  comprise  a  key  portion  of  the  "Early 
Age-out"  material  discussed  in  Section  VI. C. 2  of  this  report  (page  79). 

Significant  differences  between  Phillips  and  GTR  propellants  con¬ 
tinue  to  be  evident  in  aging  trends  for  propellant  within  1  in.  of  the  bore 
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I. A.  Propel  lant-Liner-Insula  tion  (Cont) 
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surface  and  bondllne  Interface  of  the  motor.  Propellant  formulated  with 
Phillips  CTPB  exhibits  higher  strength  and  modulus  and  lower  strain  capability, 
and  indicates  a  trend  toward  continued  hardening  with  age.  Strength  and  strain 
capability  of  GTR  propellants  both  tend  to  decrease  with  age  while  modulus 
shows  little  change  with  storage  time.  All  motors  now  being  remanufactured  are 
cast  with  propellant  formulated  with  Phillips  CTPB  (page  23). 

Data  for  excised  samples  removed  from  the  aft  end  of  six  field- 
returned  motors  tested  during  the  current  report  period  generally  support  pre¬ 
viously  established  trend  lines  indicating  that  (1)  a  difference  in  propellant 
aging  trends  for  Phillips  and  GTR  propellants  (page  26),  (2)  wide  variability 
in  properties  of  insulation  with  a  trend  toward  hardening  with  age  (page  37), 
and  (3)  reduced  bond  strength  resulting  from  degraded  liner  (page  33). 

An  excised  sample  was  removed  from  Motor  AA21321  (aged  138  mo)  to 
evaluate  prematurely  aged  condition  of  the  liner  noted  at  Hill  Air  Force  Base. 
Data  indicate  propellant  is  typical  for  aged  Phillips  motors;  bond  and  chemical 
testing  indicate  severely  degraded  liner  (page  85). 
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Plugs  have  been  removed  from  the  forward  and  aft  chamber  areas  of 
Motor  MSEX-2,  1984  vintage,  following  18  mo  storage.  Bulk  propellant  exhibits 
expected  hardening  due  to  postcure  for  both  locations.  Softening  at  the  bond¬ 
line,  noted  in  analogs  stored  8  mo  a t  135°F  or  16  mo  a t  110#F,  is  apparent  fol¬ 
lowing  18-mo  storage  at  ambient  for  plugs  from  Motor  MSEX-2.  No  reduction  in 
bond  strength  is  evident  with  additional  storage  time  (page  98). 


A  propellant  crack  was  identified  in  a  fie  Id -re  turned  motor 
(AA20629,  aged  198  mo)  during  routine  nondestructive  testing  prior  to  remanu¬ 
facture.  Based  on  observations  under  ultraviolet  light  and  scanning  electron 
microscope,  the  crack  probably  originated  at  the  time  of  manufacture.  Proper¬ 
ties  of  pr ope l lan t -  1 Iner-insu la t ion  samples  removed  from  the  motor  are  typical 
of  aged  propellant  (page  73). 
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I. A.  Propellant-Liner- Insulation  (Cont) 

Motor  AA22050,  1980  vintage,  was  dissected  at  00-ALC  In  1985  (page 
109).  Preliminary  results  of  testing  conducted  on  sections  of  the  weather- 
sealed  motor  indicate  the  following: 

.  Good  agreement  in  uniaxial  tensile  properties  of  propellant 
from  three  locations  (forward  bore,  forward  and  aft  Y-joints 

.  Presence  of  a  hardened  layer  at  the  bore  surface  (as  measured  in 
nonsealed  motors) 

.  Reduced  bond  tensile  strength  in  the  forward  and  aft  boot  areas 
of  the  motor  in  comparison  with  the  chamber  area.  Based  on  a 
comparison  of  data  from  a  non-weather sea  led  motor  of  approxi¬ 
mately  the  same  age  (Motor  AA20846,  aged  57  mo),  bond  strength 
in  the  forward  boot  may  be  improved  by  the  presence  of  the 
weatherseal  (page  109). 

.  Based  on  this  initial  reduction  in  properties,  it  is  recommended 
that  remnant  testing  be  accelerated  to  confirm  the  trend. 

Conclusions  from  the  Early  Age-Out  program  (page  79)  can  be  summa¬ 
rized  as  follows: 

.  On  the  basis  of  test  data  and  visual  inspection  reports  from 
ASPC,  similar  failure  mechanisms  are  responsible  for  the  rejection  of  Motors 
AA21049  and  AA21321  from  operational  use.  The  probable  cause  of  premature 
age-out  conditions,  evidenced  by  excessive  boot  gap,  is  related  to  shrinkage  of 
the  boot  insulation  and  to  degradation  of  the  liner.  The  degree  of  liner 
degradation  is  greater  in  Motor  AA21321  compared  to  Motor  AA21049. 

.  The  ba tch-to-ba tch  variability  in  bond  strength  and  liner  prop¬ 
erties  observed  in  Hill  Air  Force  Base  carton  testing  implies  that  individual 
batches  may  be  anomalous  rather  than  all  batches  from  an  entire  liner  lot. 
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1.4.  Propellant/Liner/Insulation  (Cont) 

.  The  preliminary  assessment  of  the  manufacturing  variables  study 
indicates  that  the  rate  of  motor  age-out  may  be  predictable  from  the  type  of 
data  gathered  in  motor  manufacturing  supplemented  by  existing  motor  excised 
sampling  data. 
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B.  COMPONENTS 


1.  Motor  Postfire  Inspection 


No  motors  were  fired  during  this  report  period. 


2.  Nozzle  Inspection 


Nozzle  SN  2168064  was  visually  inspected  and  pressure  tested 
during  this  report  period.  Testing  was  non-destructive,  and  results  will 
create  a  new  database  for  nozzles  being  returned  from  the  field 
(page  135). 


*  *  .* 


3.  LITVC  and  RC  Gas  Generators 

Four  TVC  and  three  RC  gas  generators  were  successfully  fired 
this  report  period.  Service  life  of  both  is  beyond  34  years  (page  135). 

4.  LITVC  Permeation 

TVC  Tanks  T-159  and  T-210  were  rebuilt  with  Uniroyal  bladders. 
Permeation  testing  began  April  1985.  Permeation  rate  plateaus  as  expected 
(page  138). 

5.  LITVC  Tank  and  Components 
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TVC  tanks  AAB-0535  and  AAB-0469  were  cold  gas  flow  tested  May 
and  June  1985  (page  140).  Curve  smoothing  was  required  of  system  AAB-0535 
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I.B.  Components  (Cont) 

due  to  high  testing  noise.  Burst  disc  burst  pressures  were  within  specifi¬ 
cation  for  both  systems  and  no  aging  trends  are  seen. 

6 .  Igniter  Firings 

Nineteen  igniters,  removed  from  motors  returned  to  ASPC  for 
remanufacture,  were  fired  in  August  and  September  for  VECP  B-177  (page  125). 
Preliminary  analyses  show  no  aging  trends.  Because  of  a  testing  difference 
from  Lot  Acceptance  tests  and/or  a  possibility  of  igniter  contamination,  some 
igniters  showed  high  ignition  delays.  Further  testing  and  analysis  will  be 
done  to  resolve  the  questions  of  testing  difference  and  contamination. 

Two  aging  and  surveillance  igniters  were  also  scheduled  for 
test  during  this  report  period,  but  testing  was  delayed  pending  a  thorough 
evaluation  of  the  nineteen  VECP  B-177  igniter  test  results.  The  two  aging  and 
surveillance  igniters  will  be  fired  during  the  next  report  period,  and  results 
from  these  firings,  as  well  as  the  VECP  firings,  will  be  reported  in  SAAS-36. 
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IT. 


INTRODUCTION 


This  semiannual  report  provides  results  of  tests  conducted  between  15 


March  1985  and  31  August  1985  in  support  of  the  Aging  and  Surveillance  program 
for  the  Mlnuteman  II  and  III  Stage  II  motors, as  described  in  References  I 
through  4.*  The  primary  objectives  of  the  program  are  to  provide  assurance 
that  (1)  the  reliability  of  the  presently  deployed  motor  will  not  degrade  with¬ 
in  a  projected  replacement  time  of  17  years,  and  (2)  the  service  life  of  the 
remanufactured  motor  will  he  equal  to  or  greater  than  that  of  the  presently  de¬ 
ployed  motor  population. 
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To  simplify  both  analysis  and  presentation  of  ever-increasing  aging 
data,  information  from  similar  materials  has  been  combined;  remnants,  excised 
samples,  and  bulk  samples  from  aged  motors  are  treated  as  a  population  of 
materials  from  motors.  Because  a  motor/carton  bias  has  been  identified,  data 
from  laboratory  samples  will  be  analyzed  independently. 

Detailed  tabulations  for  samples  tested  during  the  report  period  are 
presented  in  Appendices  A  through  C. 

This  volume  also  summarizes  results  of  work  completed  in  a  number  of 
special  areas.  Topics  include  Initial  testing  of  plug  samples  from  a  late  pro¬ 
duction  motor,  dissection  of  a  weathersealed  motor,  investigation  of  a  propel¬ 
lant  crack  in  a  field-returned  motor,  investigation  of  early  age-out  motors, 
and  evaluation  of  Stage  II  igniters  for  re-use  in  remanufactured  motors.  Be¬ 
cause  of  the  specialized  nature  of  these  topics,  particular  attention  will  be 
devoted  to  each  topic  separately  in  Section  VI. C.  Where  applicable,  test  re¬ 
sults  have  been  incorporated  into  the  Aging  and  Surveillance  database  for  eval¬ 
uation  with  comparable  data. 


**- 


*  A  reference  list  is  included  at  the  end  of  the  text. 
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III.  BACKGROUND 

A  failure  mode  involving  degradation  of  SD-851-2  liner  was  demonstrated 
during  the  Minuteman  Long  Range  Service  Life  Analysis  (LRSLA)  program.  On  the 
basis  of  studies  indicating  this  degre..  ~f  degradation  could  be  expected  in  mo¬ 
tors  ranging  in  age  from  14  to  17  years,  a  remanufacture  program  was  initiated 
in  1978. 


Special  studies  have  been  conducted  since  that  time  to  investigate  two 
additional  possible  failure  modes  of  the  propellant-liner-insulatlon  system: 

(a)  ignition  delay,  and  (b)  grain  cracking  due  to  surface  hardening  of  the 
propellant  (References  5  and  6).  Although  neither  study  indicated  that  the 
present  motor  replacement  schedule  (based  on  degradation  of  SD-851-2  liner) 
needed  to  be  accelerated  at  that  time,  data  are  being  obtained  on  a  routine 
basis  to  monitor  both  surface  hardening  and  ignition  delay  as  possible  age- 
limiting  modes  of  failure.  Results  of  studies  recently  conducted  to  assess 
effects  of  low-equilibrium  moisture  on  a  weather sea  led  motor  are  consistent 
with  nominal  service  life  of  17  years  (Reference  7). 

A  revised  test  plan,  ATF-II-SLA-1  (Reference  8),  has  been  approved  by 
OO-ALC  that  will  emphasize  testing  of  materials  tepresentlng  remanufactured 
motors.  Limited  material  testing  from  original-manufacture  motors  will  be 
continued  to  provide  visibility  of  long-term  aging  stability  and  a  base  against 
which  performance  of  the  remanufactured  motor  can  be  measured. 

An  extensive  program  to  evaluate  the  aging  stability  of  motor  components 
other  than  the  propellant-liner-insulation  system  was  conducted  prior  to  tran¬ 
sition  of  the  Aging  and  Surveillance  program  to  OO-ALC  in  1972.  This  program 
was  continued  on  a  limited  basis  until  1980,  when  it  was  revised  to  support  the 
Minuteman  Remanufacture  program.  Details  of  current  investigations  are  de- 


Report  0 162-06-SAAS-35 


IV.  SERVICE  LIFE  ESTIMATE 


Information  developed  during  the  Long  Range  Service  Life  Analysis  pro¬ 
gram  identified  hydrolytic  liner  degradation  as  the  primary  mechanism  leading 
to  failure  for  the  motor.  Kinetic  projections  for  service  life  ranged  from  14 
to  17  years  based  on  an  assumed  silo  environment  of  50%  RH  at  70°F.  Silo 
conditions  were  known  to  vary,  however,  and  installation  of  weatherseals  in 
Minuteman  motors  was  recommended  to  eliminate  the  effects  of  extreme  humidity 
conditions  in  the  silos.  Subsequently,  weatherseals  have  been  installed  on 
Minuteman  motors  since  June  1980.  While  weatherseals  eliminated  the  extreme 
humidity  conditions,  a  concern  was  raised  that  motors  sealed  at  low  humidity 
conditions  may  be  prone  to  excessive  surface  hardening. 


*- 

v, 


rr 


Results  of  the  Surface  Hardening  Investigation  (Reference  5)  indicated 
the  service  life  of  the  unsealed  Minuteman  II  and  III  Stage  II  motors  will  not 
be  limited  by  reduction  in  strain  capability  at  the  inner  bore  prior  to  the 
life  limit  that  is  based  on  degradation  in  strength  of  the  propellant-liner- 
insulatlon  bond.  Service  life  prediction  based  on  grain  cracking  indicated  a 
nominal  service  surface  hardening  age  of  17  to  20  years  with  a  lower  3o  limit 
of  13  years  (based  on  a  value  of  9.2%  strain  at  break). 


h 


An  additional  surface  hardening  program  was  initiated  in  1984  to  inves¬ 
tigate  effects  of  low-equilibrium  moisture  on  a  wea thersealed  motor.  Results 
indicated  that  weathersealing  Minuteman  motors  will  not  increase  the  rate  of 
bore  surface  hardening  in  the  humidity  range  from  10  to  50%  RH.  For  motors 
sealed  at  low-humidity  levels,  the  presence  of  the  weatherseal  does  decrease 
the  rate  of  hydrolytic  degradation  of  the  liner.  Propellant  surface  hardening 
should  now  be  considered  a  primary  age-limiting  factor  for  wea thersealed  Stage 
II  motors. 
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V.  SCOPE/STATUS 

This  report  contains  Information  regarding  the  following  program 
elements  for  the  propellant-llner-lnaulatlon  system: 

.  Remnants  from  previously  dissected  motors,  aged  for  234  months 

.  Propellant  removed  from  motors  prior  to  remanufacture  (aft  end),  aged 
from  110  to  216  months 

.  Through-the-case  samples  (plugs)  from  a  remanufactured  motor,  aged 
18  son ths 

.  Propellant  from  a  dissected  remanufactured  (wea thersealed)  motor, 
aged  64  months 

.  NDT  examination  of  propellant  and  propellant-llner-insulatlon  bond 
(original  and  remanufactured  motors) 

.  Ignition  delay  investigation  (original  and  remanufactured  motors) 

.  Analog  carton  samples  for  propellant  lot  combinations  used  In  the 
Mlnuteman  Remanufacture  program. 

Information  is  also  supplied  regarding  the  following  motor  components: 

.  LITVC  system 

.  Internal  Insulation 

.  Nozzle 

A  milestone  chart  for  the  various  program  elements  tested  during  the 
current  report  period  is  provided  in  Figure  1. 
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VI.  TECHNICAL  DISCUSSION  OF  PROPELLANT-LINER-INSULATION  SYSTEM 

A.  MATERIALS  FROM  MOTORS 

I.  In  troduc  tio 

Testing  of  full-scale  motors  Is  currently  conducted  using 
material  from  the  following  sources: 

.  Remnants  from  previously  dissected  Stage  II  motors  (origi¬ 
nal  production  and  remanufacture) 

.  Samples  excised  from  the  aft  end  of 

.  OP  motors  prior  to  firing 

.  Field  return  motors  prior  to  remanufacture 

.  Bore  samples  from  the  aft  bore  area  of  selected  motors 

.  Plugs  ( through- the-case-samples)  from  original  and  remanu¬ 
factured  motors. 

Information  is  also  available  for  materials  excised  from  re¬ 
manufactured  motors,  bulk  samples  from  field-returned  motors  and  remnants  from 
Stage  III  dissected  motors.  Testing  for  these  samples  was  discontinued  fol¬ 
lowing  baseline  evaluation. 

a.  Remnants 

The  aging  program  for  ANB-3066  propellant,  originally 
based  on  laboratory  samples  stored  at  various  elevated  temperatures,  was  sup¬ 
plemented  in  1973  by  inclusion  of  remnants  from  dissected  Minuteman  II  Stage 
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VI. A.  Materials  from  Motors  (Cont) 

III  motors.*  The  motor  remnants  provided  information  (such  as  effects  of 
actual  storage  conditions,  geometric  considerations,  within  and  between  motor 
variabilities)  that  was  not  available  from  carton  samples  alone.  In  addition, 
properties  of  materials  from  dissected  motors  differed  significantly  from  those 
of  laboratory  samples.  Initial  tangent  moduli  of  aged  motor  propellant  are 
higher  by  a  factor  of  two  and  elongation  is  correspondingly  lower  than  measured 
in  laboratory  samples.  The  differences  between  propellant  with  Phillips  and 
GTR  prepolymers  were  first  noted  in  data  from  dissected  motors. 

Limited  testing  of  materials  from  original  manufacture 
motors  (Stage  II  only)  will  be  continued  to  provide  information  regarding  long¬ 
term  aging  stability.  Testing  of  remnants  from  four  dissected  remanufactured 
motors  is  planned.  Aged  remnants  from  Motor  AA22050  (dissected  this  report 
period)  will  be  tested  beginning  in  1988  per  the  current  test  plan. 

b.  Excised  Samples 

A  total  of  24  excised  samples  of  the  propellant-liner- 
insulation  system  have  been  removed  from  the  aft  ends  of  Stage  II  OP  motors. 

The  samples  were  removed  at  Hill  Air  Force  Base  and  subsequently  fired  at  AEDC. 
Data  from  these  samples,  tested  at  Aerojet  to  evaluate  the  mechanical  and  chem¬ 
ical  properties  of  propellant,  liner,  and  insulation  prior  to  firing  of  the  mo¬ 
tor,  have  been  combined  with  similar  data  from  other  motors  and  motor  remnants 
to  evaluate  aging  trends  in  mechanical  and  chemical  properties.  Emphasis  has 
since  been  placed  on  performance  of  remanufactured  motors;  testing  of  samples 
excised  from  remanufactured  OP  motors  will  continue. 

To  gain  more  Information  regarding  motor-to-motor  varia¬ 
bility  of  aged  Minuteman  motors,  a  program  was  initiated  in  1980  to  visually 
examine  each  motor  being  returned  for  remanufacture  and  remove  samples  of  the 

*  Same  prope 1 lan t- 1 iner- insula tion  system  as  Stage  II  motors. 
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VI. A.  Materials  from  Motors  (Cont) 

propellant  and  propellant-liner-insulation  system  from  approximately  six  motors 
each  year.  These  samples  currently  include  excised  samples  from  the  aft  end  of 
the  motor  and  a  sample  from  the  forward  end  of  the  motor  to  evaluate  lgnitabil- 
ity.  These  excised  samples,  combined  with  samples  from  earlier  aging  programs, 
contribute  to  a  population  of  108  samples  excised  from  full-scale  motors. 

Data  obtained  from  these  samples  will  be  evaluated  with 
respect  to  motor  storage  histories  to  determine  effects  of  variation  in  oper¬ 
ational  environments  as  well  as  to  maintain  the  correlation  between  nondestruc¬ 
tive  tests  and  excised  samples. 

c.  Bulk  (Bore)  Samples 

In  addition  to  samples  excised  from  the  aft  end,  bulk 
samples  have  now  been  removed  from  the  aft  portion  of  the  cylindrical  bore  sec¬ 
tion  of  25  motors  returned  for  remanufacture.  Testing  of  the  bulk  propellant 
has  contributed  to  a  database  for  pertinent  structural  properties  of  propellant 
from  aged  motors  as  well  as  established  a  correlation  between  properties  of  the 
bulk  sample  and  excised  samples  from  the  aft  end  of  the  motor.  Sufficient  data 
now  exist  to  provide  a  statistically  significant  bulk/excised  correlation; 
therefore,  routine  testing  of  bulk  samples  has  been  discontinued.  A  1/3-size 
"bore"  sample  has  been  incorporated  into  the  plug  motor  test  plan  to  assess  ef¬ 
fects  of  aging  in  the  critical  bore  location.  Use  of  a  smaller  sample  will 
leave  ample  material  for  future  sampling. 

d.  Plugged  Motors 

The  plugged  motor  concept  has  been  included  in  the  re¬ 
vised  test  plan.  Three  full-scale  motors  of  various  vintages  (manufactured  in 
1976,  1984,  or  1986)  will  be  stored  in  a  carefully  monitored  environment.  Pe¬ 
riodic  sampling  (by  removing  "plugs"  Including  case,  insulation,  liner,  and 
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propellant)  permits  evaluation  of  aging  trends  in  a  realistic  stress/strain  en¬ 
vironment  without  the  complication  of  motor-to-motor  variability.  In  addition, 
testing  of  laboratory  samples  manufactured  and  stored  with  the  motor  provides 
information  regarding  motor/carton  bias  in  properties. 
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e.  Dissection  Motors 


Four  remanufactured  (wea thersealed)  motors,  ranging  in 
age  from  4  to  9  years,  will  be  dissected  over  an  11-year  period  to  assess  ef¬ 
fects  of  aging  on  production  materials  stored  under  actual  environmental  and 
structural  loading  conditions.  Critical  areas  for  evaluation  include  the  for¬ 
ward  bore  and  Y-joint  areas,  aft  Y-joint  area,  and  forward  and  aft  boots.  Rem¬ 
nants  will  be  subsequently  tested  to  evaluate  effect  of  aging  as  well  as  pro¬ 
vide  comparisons  among  motors  of  various  years  of  manufacture. 

2.  Scope/Sta tus 

The  Aging  and  Surveillance  program  currently  includes  remnants 
from  five  Stage  II  motors.*  Remnants  are  tested  at  regularly  scheduled 
intervals  as  shown  in  Figure  2.  This  report  includes  results  for  remnants  from 
Motor  AA20013  (aged  234  mo)  and  Motor  AA20846  (aged  174  mo). 
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Three  test  matrices  planned  for  use  with  materials  from  dis¬ 
sected  motors  are  scheduled  on  a  periodic  basis  to  provide  maximum  information 
at  a  minimum  cost.  Formats  a,  b,  and  c  of  Test  Plan  II  are  used  for  motor 
remnants  as  follows: 


One  remanufactured  motor:  AA22050,  cast  7-80 

Four  original-production  motors:  OT-11,  AA20013,  AA20587,  AA20846,  cast 
he  tween  1964  and  1971. 
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Figure  2.  Test  Schedule  for  Remnants  from  Stage  II  Motors 
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Format 

a 

b 


Material  Tested 

Propellant  only,  including  bore  surface 

Format  a  plus  Insulation  and  propellant- 
liner-insula tion  bond 

Format  b  plus  additional  characterization 
tests  for  comparison  with  the  LRSLA  database 


Testing  of  remnants  from  dissected  remanufactured  motors  will 
be  Incorporated  beginning  1988. 

This  report  also  includes  a  summary  of  test  results  for  sam¬ 
ples  excised  from  the  following  aged  motors  prior  to  remanufacture: 


Age  at 


During  routine  examination  of  Motor  AA20629,  randomly  selected 
for  mechanical  and  chemical  properties  evaluation,  a  propellant  crack  was  iden¬ 
tified  In  the  aft  nozzle  well  area.  Subsequent  to  the  crack  discovery,  the 
scope  of  testing  was  enlarged  to  include  propellant  samples  from  the  affected 
areas.  Data  for  the  excised  samples  are  included  in  the  database*,  results  of 
testing  conducted  on  other  samples  representing  Motor  AA20629  are  summarized  in 
Section  VI.C.l. 
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Motor 

Lot  Combo/CTPB 

Test,  mo 

Cast  Date 

AA20402 

20/GTR 

216 

February  1967 

AA20530 

27/GTR 

203 

March  1968 

mm 

AA20596 

29/GTR 

180 

October  1968 

AA20613 

30/Phll lips 

194 

December  1968 

s'. 

AA20629 

32/Philllps 

196 

January  1969 

WBKk 

AA21321 

60/GTR 

138 

July  1974 

Motor  AA21321,  aged  138  mo,  was  returned  for  remanufacture 
ahead  of  schedule  due  to  extreme  liner  degradation.  Samples  were  removed  from 
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the  aft  end  to  evaluate  condition  of  the  material  and  investigate  potential 
causes  for  its  condition.  Motor  AA21321  is  the  second  motor  identified  with  a 
prematurely  aged  condition.*  Subsequent  discovery  of  additional  suspect  motors 
(6  total)  has  prompted  an  investigation  to  identify  materials  or  processing 
variables  which  may  contribute  to  early  age-out.  The  program  is  summarized  in 
Section  VI. C. 2. 


This  report  also  includes  a  summary  of  data  for  plugs  removed 
from  Motor  MSEX-2  at  18  mo  [ 1984A  plug  motor,  (Section  VI.C.3)].  Removal  of 
samples  from  both  Motor  MSEX-2  (aged  24  mo)  and  AA21480  (1976  plug  motor, 
initial  testing)  is  complete.  Results  of  testing  conducted  on  plugs  and  analog 
samples  stored  with  the  motors  will  be  presented  in  the  next  report. 

3 .  Mechanical  and  Chemical  Properties 

a.  Propellant 

(1)  Bulk  Propellant 

(a)  Uniaxial  Tensile  Properties 

Uniaxial  tensile  properties  were  measured  at  various  test  con¬ 
ditions  for  remnants  from  two  motors  during  the  current  report  period.  Loca¬ 
tion  within  the  motor  for  the  remnants  tested  is  shown  in  Figure  3. 

Results  for  a  remnant  from  the  mid-barrel  of  Motor  AA20013 
(aged  234  mo,  GTR  CTPB)  were  compared  with  data  for  testing  conducted  following 
117,  169,  180,  and  204-mo  aging.  Data  indicate  little  change  in  properties  in 


*  Motor  AA21049,  cast  10-72,  was  returned  to  ASPC  in  November  1983  due  to 
excessive  hoot  lifting.  Results  of  testing  are  presented  in  SAAS-33. 
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comparison  with  values  measured  at  180  months.  The  hardening  noted  in  the  last 
test  interval  (204  mo)  is  not  supported  by  recent  data.  Propellant  for¬ 
mulated  with  GTR  CTPB  typically  does  not  harden  with  aging. 

Results  of  uniaxial  tensile  tests  conducted  on  a  remnant  from 
Motor  AA20846  (aged  174  mo,  Phillips  CTPB)  indicate  softer  propellant  in  the 
aft  nozzle  area  than  in  the  forward  barrel  of  the  motor.  (Testa  conducted  at 
48,  122,  and  146-mo  intervals  used  material  from  the  forward  barrel.)  Bulk 
propellant  formulated  with  Phillips  CTPB  generally  exhibits  hardening  with  age; 
unexpected  softening  noted  at  174  mo  is  probably  a  result  of  difference  in 
sample  location.  The  aft  end  is  cast  from  a  different  propellant  batch  than 
the  forward  barrel:  Ba tch- to-ba tch  variability  may  be  contributing  to  differ¬ 
ences  in  properties  noted  between  the  two  sample  locations. 

Data  for  samples  from  Motors  AA20013  and  AA20846  and  corres¬ 
ponding  data  from  previous  test  intervals  are  plotted  in  Figure  4  and  tabulated 
in  Appendix  A. 


(b)  Stress  Relaxation 

Results  for  stress  relaxation  tests  confirm  trends  noted 
for  uniaxial  tensile  properties  for  both  motor  remnants. 

(2)  Gradients  from  the  Bore  and  Bondline 

(a)  Uniaxial  Tensile 

Grain  cracking  resulting  from  propellant  surface  harden¬ 
ing  has  been  identified  as  a  potential  mode  of  failure  for  the  Minuteman  pro- 
pellan t-liner-insula tlon  system  (Reference  6).  As  a  result,  gradients  in  uni¬ 
axial  tensile  properties  as  a  function  of  distance  from  the  bore  surface  were 
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Properties  near  the  bore  (0  to  0.5  in.  from  the  surface)  have  not  changed  sig¬ 
nificantly  from  146  to  174  mo,  but  the  hardened  layer  has  extended  deeper  into 
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the  propellant  with  aging.  The  greatest  degree  of  change  occurs  at  1.0-in. 
from  the  bore. 

_ Distance  from  Bore,  in. _ 

Age, 


Motor  Mo. 

0. 1 

0.5 

1.0 

2.0 

* 

* 

* 

* 

AA20846  85 

138/14/17/1276 

140/16/20/1064 

130/19/21/962 

110/24/32/665 

98 

153/14/18/1575 

154/15/19/ 1438 

153/16/19/1275 

124/25/34/770 

122 

153/13/16/1932 

148/15/17/1473 

137/16/19/1336 

101/28/40/672 

146 

166/13/13/2020 

159/15/20/1596 

156/16/22/1348 

116/28/39/694 

174 

149/13/18/1791 

153/13/19/1650 

156/14/19/1659 

108/24/38/714 

*  CTm?Gm/eb^o 

In  all 

cases,  propellant 

at  2  in.  from  the 

bore  does  not 

undergo  hardening  noted  in  the  first  inch. 


F 

r<.-- 


f-' 


Properties  near  the  bore  for  propellant  from  Motor 
AA20013  have  not  changed  with  aging.  As  expected  for  GTR  propellants,  data 
continue  to  indicate  no  gradient  in  properties  with  respect  to  distance  from 
bore . 


Results  of  uniaxial  tensile  tests  conducted  on  samples 
excised  from  the  aft  ends  of  full-scale  motors  during  the  report  period  have 
been  added  to  plots  and  tabulations  prepared  to  assess  the  effect  of  aging  on 
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VI. A.  Materials  from  Motors  (Cont) 

propellant  adjacent  to  the  bore  (0.1,  0.2,  0.5,  and  1.0  in.  from  bore).  (Fig* 
ure  5).  Motors  AA20402,  AA20530,  AA20596,  AA20613,  AA20629,  and  AA21321,  rang¬ 
ing  in  age  from  138  to  216  mo,  have  been  included.  Data  show  good  agreement 
with  previously  established  trend  lines.  Propellant  formulated  with  GTR  CTPB 
shows  little  change  with  extended  storage.  However,  testing  of  propellant  for¬ 
mulated  with  Phillips  CTPB  continues  to  indicate  that  significant  hardening 
will  be  more  likely  in  motors  cast  with  propellant  formulated  using  Phillips 
CTPB. 

Uniaxial  tensile  properties  near  the  bore  for  Motors 
AA20629  (cracked  motor)  and  AA21321  (early  age-out)  are  within  the  range  of 
values  for  comparably  aged  motors.  Data  are  summarized  in  Appendix  A. 

(b)  Stress  Relaxation 

Gradients  in  response  properties  as  a  function  of  dis¬ 
tance  from  the  bondline  interface  were  measured  at  77°F  with  2.0Z  applied 
strain  for  materials  removed  from  all  motors  tested  during  the  current  report 
period.  Data  are  tabulated  in  Appendix  A  and  shown  graphically  in  Figure  6. 
This  plot  (relaxation  modulus  as  a  function  of  storage  time  for  108  excised 
samples)  is  applicable  to  tests  conducted  with  2.0%  applied  strain;  results 
from  previous  tests  (conducted  with  0.5%  applied  strain)  have  been  adjusted 
using  equations  described  in  SAAS  33.  Variability  remains  large  for  properties 
of  motors  cast  with  Phillips  CTPB. 

As  previously  noted  in  results  of  uniaxial  tensile  tests, 
Remnant  AA20846  shows  hardening  with  additional  storage  time.  Relaxation  modu¬ 
lus  at  one  minute  has  increased  65%  at  the  bondline  and  approximately  30%  at 
1.0  in.  from  the  bondline  since  last  tested  as  shown  below: 


INITIAL  TANGENT  MODULUS.  PS  I 
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_  GTR  (49  MOTORS) 

-  PHILLIPS  (27  MOTORS) 


q  A  A204C.1 
1  AADC530 
A  AA.IGS'Ib 
^  AAP0613 

■  AADOb L4 
0  A  A2  1  3.?  1 


Figure  5.  Effect  of  Storage  Time  and  Distance  from  Bore  Surface  on  p-F' 

Initial  Tangent  Modulus  for  ANB-3066  Propellant  Excised  - 

from  Full-Scale  Motors 
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VI. A.  Materials  from  Motors  (Cont) 


Age, 

Relaxa  tion 

Modulus 

at  One  Minute, 

pal 

Months 

0.1* 

0.2* 

0.5* 

1.0* 

146 

818 

511 

405 

510 

174 

1,346 

1,173 

576 

672 

*  Distance  from  bondline,  in. 

Softening  at  the  bondline,  noted  for  plug  samples  from 
Motor  MSEX-2  (Section  VI. C. 3)  and  laboratory  samples  [Section  VI . B . 2 .a . ( 2 ) ] ,  is 
not  apparent  in  the  remnant. 

Motor  AA20013  experienced  case/insulation  separation  in 
the  mid-barrel.  This  condition  was  previously  identified  during  tests  con¬ 
ducted  on  a  barrel  section  at  169  mo  and  has  probably  been  present  since  manu¬ 
facture.  Affected  areas  were  probably  first  exposed  to  environmental  condi¬ 
tions  during  motor  dissection  (at  123  mo).  As  a  result,  liner  and  propellant 
near  the  bondline  have  been  more  susceptible  to  moisture  diffusion  across  in¬ 
sulation  than  those  areas  also  protected  by  the  titanium  case.*  As  expected, 
data  Indicate  extreme  propellant  softening  at  the  bondline  throughout  the  area 
measured  (depth  of  2.0  in.  from  bondline).  While  some  softening  is  expected  in 
propellant  formulated  with  GTR  CTPB,  this  degree  of  softening  is  considered  to 
be  a  local  effect  resulting  from  case/insulation  unbonds  in  the  remnant.  Un¬ 
bonds  occurring  in  a  full-scale  motor  would  not  affect  properties  at  the  bond- 
line:  unbonded  areas  would  be  protected  from  diffusion  by  the  titanium  case. 

Relaxation  modulus  at  one  minute,  Er^,  is  plotted  in  Figure  7  in  comparison 
with  previous  results. 


Results  for  stress  relaxation  tests  conducted  on  samples 
excised  from  aged  motors  have  been  included  in  Figure  6.  In  general,  test  re¬ 
sults  at  1.0  in.  from  the  bondline  continue  to  indicate  differences  between 

•Insulation  in  the  chamber  has  a  nominal  thickness  of  0.3  in. 
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VI. A.  Materials  from  Motors  (Cont) 

Phillips  and  GTR  propellant,  with  GTR  propellants  exhibiting  little  of  the 
hardening  associated  with  aged  Phillips  propellants.  At  the  bondline  inter¬ 
face,  propellant  softening  is  related  to  degree  of  liner  degradation.  In 
motors  where  liner  has  degraded  significantly  (Motor  AA21321,  for  example), 
propellant  immediately  adjacent  to  the  bondline  exhibits  reduced  relaxation 
modulus  in  that  region. 

(c)  Chemical  Evaluation  of  Propellant  by  FTIR 

(Transmission  Spectra  of  Chloroform  Extracts) 


SAAS-34. 


A  full  discussion  of  FTIR  capabilities  is  presented  in 


Gradient  from  the  Bore  -  Propellant  extracts  from  the 
bore  gradient  of  remnants  from  Motors  AA20013  and  AA20846  (146  and  174-mo 
aging)  were  analyzed  by  FTIR.  The  absorbance  of  the  970  WN  peak  (normalized  to 
initial  weight)  exhibits  changes  typical  of  all  CTPB  peaks  and  is  indicative  of 
the  amount  of  extractable  CTPB. 

Slightly  more  CTPB  was  extracted  near  the  bore  surface  of 
Motor  AA20013  compared  to  Motor  AA20846.  This  was  expected  as  Motor  AA20013  is 
a  GTR  motor  and  does  not  undergo  the  hardening  at  the  bore  surface  characteris¬ 
tic  of  a  Phillips  motor  (see  Figure  8). 

FTIR  analysis  of  propellant  extracts  from  Motor  AA20846 
shows  little  change  from  146  to  174-mo  aging. 

Gradient  from  the  Bondline  -  Propellant  extracts  were 
analyzed  by  FTIR  from  the  bonded  and  debonded  areas  of  the  remnant  from  the 
mid-barrel  of  Motor  *iA20013.  The  absorbance  of  the  970  WN  peak  (normalized  to 
initial  weight)  exhibits  changes  typical  of  all  CTPB  peaks  and  is  Indicative  of 
the  amount  of  extractable  CTPB. 
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VI. A.  Materials  from  Motors  (Cont) 

More  CTPB  Is  extracted  from  the  bondline  Interface  from 
the  unbonded  area  compared  to  the  bonded  area.  This  Increase  Is  probably  due 
to  hydrolytic  degradation  of  the  liner  azlrldines  at  the  bondline  Interface 
(migration  of  liner  azlrldines  Into  the  propellant  Is  discussed  In  SAAS-34). 

The  unbonded  area  Is  susceptible  to  hydrolytic  degradation  because  the  separa¬ 
tion  of  the  insulation  from  the  case  allows  a  pathway  for  the  diffusion  of 
moisture  after  dissection.  The  extracts  from  depths  greater  than  0.1  in.  indi¬ 
cate  slightly  more  extractable  CTPB  from  the  unbonded  area  which  agrees  with 
the  softening  noted  by  mechanical  properties  (see  Figure  9). 

b.  Propellant-Liner-Insula tion  Bond 

Propellant-llner-insulation  specimens  were  prepared  from 
remnants  of  Motors  AA20013  and  AA20846.  Results  of  constant  rate  shear  tests 
conducted  under  600  pslg  superimposed  pressure  and  constant  rate  and  constant 
load  tensile  tests  are  shown  graphically  in  Figure  10  and  tabulated  in  Appendix 
A.  Data  Indicate  slight  reduction  in  bond  shear  strength  in  the  aft  nozzle 
area  in  comparison  with  testing  conducted  In  the  forward  bore  at  146  months. 
Bond  tensile  strength  in  the  chamber  is  unchanged  with  aging  (for  tests  at 
77°F,  1.0  in. /min  bond  strength  is  107  psl  at  98  mo,  101  psi  at  146  mo,  100  psi 
at  174  mo).  Motor  AA20846  Is  the  youngest  motor  included  In  the  remnant 
testing  program;  bond  degradation  has  occurred  to  some  extent  in  some  motors 
stored  for  periods  exceeding  180  months. 

Bond  testing  for  Motor  AA20013  was  conducted  for  both 
case-intact  and  case-separated  areas.  As  expected,  in  areas  of  case/ insula tlon 
separations  bond  strength  was  poor,  approximately  equivalent  to  values  seen  in 
the  degraded  aft  boot  areas.  In  case-intact  areas,  bond  shear  strength  was 
unchanged  and  bond  tensile  strength  decreased  slightly  with  30  mo  additional 
s  torage . 
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DISTANCE  FROM  BONDLINE 


Flagged  Symbols  Indicate  Constant  Rate  (DPT) 


trength  versus  Reduced  Time  for  Remnants  from  Dissected 
II  Motors 
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VI. A.  Materials  from  Motors  (Cont) 

Bond  tensile  strength  of  samples  excised  from  the  aft 
ends  of  field-returned  motors  has  been  routinely  measured  to  qualitatively 
evaluate  the  effects  of  aging  on  the  bond  capability  of  the  system.  (A  small 
bond  specimen  [1.0  x  1.0  x  0.5  In.]  tested  at  a  strain  rate  of  1.0  rain”*-  was 
selected  as  a  convenient  method  to  monitor  bond  strength  for  excised  material 
during  the  LRSLA  program.) 

Measurements  of  bond  tensile  strength  for  excised  samples 
tested  this  report  period  have  been  added  to  a  population  of  108  samples  (Fig¬ 
ure  11).  With  the  addition  of  these  samples,  measurements  of  bond  tensile 
strength  continue  to  Indicate  that  significant  liner  degradation  has  occurred 
In  the  aft  boot  area  after  17  years  (~200  months)  storage.  Bond  strengths  of 
Motor  AA21321,  returned  to  ASPC  at  138  mo  due  to  extreme  liner  degradation,  are 
below  average  but  within  the  range  of  values  for  comparably  aged  motors.  It  is 
surprising  that  bond  strength  is  within  the  range  of  values,  although  chemical 
properties  of  the  liner  indicates  severely  degraded  material  (Section 
VI. A. 3.C).  For  severely  degraded  liner  (<20  psi),  bond  strength  measured  In  a 
constant  rate  test  at  1.0  min-1  no  longer  relates  to  liner  condition.  Chemi¬ 
cal  testing  can  provide  a  better  indication  of  liner  condition  for  severely 
degraded  motors  (SAAS-33). 


c.  SD-85-2  Liner 

Chemical  test  results  for  liner  from  the  motors  tested 


during  GFY  1985  are  shown  In  the  following  table: 


Effect  of  Aging  on  Bond  Tensile  Strength 
for  Samples  Excised  From  Full-Scale  Motors 
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VI. A.  Materials  from  Motors  (Cont) 


Motor  SN 

Age,  mo 

Swelling 

Ratio 

Gel  Filler 
Fraction 

AA21321 

138 

>2.5 

0.036 

AA20596 

192 

2.11 

0.402 

AA20613 

194 

2.10 

0.361 

AA20629 

196 

2.44 

0.270 

AA20530 

203 

1.99 

0.428 

AA20402 

216 

2.04 

0.273 

AA20013* 

234 

1.82 

0.580  Bonded 

AA20013* 

234 

>2.5 

0.088  Unbonded 

♦mid  barrel  of  motor  remnant  AA20013,  debonded  areas  noted  at  169  mo  testing 

It  is  well  established  that  SD-851-2  liner  proceeds 
through  an  initial  post  cure  reaction  followed  by  a  hydrolytic  degradation 
reaction.  Testing  of  aged  motors  indicates  the  presence  of  degraded  liner; 
however,  the  extent  of  degradation  depends  upon  storage  environment  as  well  as 
aee . 

Gel  filler  fraction  data  from  current  and  previously 
tested  motor  excised  samples  is  plotted  as  a  function  of  motor  age  In  Figure 
12.  The  extent  of  degradation  in  the  liners  from  five  of  the  excised  motors  is 
consistent  with  accumulated  motor  data  for  gel-giller  fraction.  The  liner  from 
Motor  AA21321  was  totally  degraded  at  138  months.  This  motor  was  rejected  from 
operational  use  and  was  identified  as  prematurely  aged.  For  a  complete 
discussion  of  early  ageout  see  Section  VI. C. 3. 

Unbonded  areas  in  the  remnants  from  the  raid-barrel  of 
Motor  AA20013,  noted  at  169  mo  testing,  have  probably  existed  since  the  motor 
was  manufactured  and  have  been  exposed  to  environmental  conditions  since  dis¬ 
section.  As  expected,  the  liner  from  the  debonded  areas  is  severely  degraded. 
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VI .A.  Materials  from  Motors  (Cont) 

In  the  bonded  area  of  the  remnant,  the  liner  has  chemical  properties  similar  to 
unaged  liner,  which  indicates  no  exposure  to  moisture  in  this  area. 

Data  from  testing  of  all  motor  excised  samples  is 
presented  in  Appendix  A. 

d.  V-45  Insulation 

Shrinkage  of  the  Insulation  of  the  motor  in  the  booted 
area  is  a  major  contributing  factor  to  potential  motor  failure  and  is  a  direct 
result  of  net  plasticizer  loss.  To  monitor  the  aging  behavior  of  the  insula¬ 
tion,  response  properties  of  V-45  insulation  for  motors  tested  during  the  re¬ 
port  period  were  evaluated  by  stress  relaxation  tests  conducted  at  77°F  with 
2.0%  applied  strain.  Values  for  relaxation  modulus  at  1  min,  Er,  are  graph¬ 
ically  presented  in  Figure  13  with  results  for  samples  excised  from  108  motors 
tested  after  storage  times  ranging  to  216  months. 

In  general,  data  for  motors  tested  this  report  period 
show  good  agreement  with  established  trend  lines.  Wide  sample  variability 
among  108  motors  continues  to  be  evident  for  properties  of  V-45  Insulation. 

The  chemical  testing  conducted  on  V-45  insulation 
consists  of  gel-filler  fraction  and  dioctyl  phthalate  (DOP)  concentration. 

Data  from  the  motors  tested  in  GFY  1985  is  listed  in  the  following  table: 


0009 
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VI. A.  Materials  from  Motors  (Cont) 


Gel  Filler 


Motor  SN 

Age,  mo 

Fraction 

%D0P 

AA20596 

192 

0.893 

1.40 

AA20613 

194 

0.899 

1.10 

AA20530 

203 

0.898 

1.20 

AA20402 

216 

0.897 

1.60 

AA20629 

196 

0.885 

1.40 

AA2I321 

138 

0.891 

1.59 

AA20013* 

234 

0.899 

0.94  Bonded 

AA20013* 

234 

0.906 

0.96  Unbond 

♦Mid-barrel  of  motor  remnant 


These  test  results  are  consistent  with  previously  tested 
motors.  A  total  of  52  motors  between  the  ages  of  108  and  220  too  have  gel- 
filler  fraction  data  available.  The  mean  gel-filler  fraction  is  0.894  (a  ■ 
0.007).  The  mean  concentration  of  DOP  is  1.3%  (a  »  0.2).  The  Increase  in 
gel-filler  fraction  over  the  average  unaged  value  of  0.841  represents  the  net 
effect  of  DOP  loss,  Oronlte-6  gain  (from  the  propellant),  and  moisture  gain  in 
the  insulation. 


Data  from  testing  of  all  samples  excised  from  motors  is 
presented  in  Appendix  A. 

4.  NDT  Examination  of  Motors 


a.  Visual  Inspection 

The  objective  of  visually  inspecting  Minuteman  Stage  II 
motors  from  the  Motor  Remanufacture  program  is  to  determine  long-term  aging 
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VI. A.  Materials  from  Motors  (Cont) 

effects  on  the  propellant,  liner,  and  insulation.  Bond  system  quality  is  based 
on  boot  gap  and  boot  lifting  from  the  propellant  on  the  forward  and  aft  ends  of 
the  grain.  In  the  forward  end,  measurement  of  nipple  lifting  and  movement  with 
respect  to  the  propellant  is  made  at  the  0-degree  location.  On  the  aft  end, 
boot  lifting  and  movement  of  the  boot  with  respect  to  the  propellant  are 
measured  at  the  180-degree  location.  The  0-  and  180-degree  locations  are  used 
because  they  typically  are  the  areas  with  the  greatest  lifting  and  boot 
movement. 


An  estimate  of  overall  propellant  quality  is  made  on  the 
motor  by  measuring  slump  (insula tlon-to-boot  gap)  and  by  visual  observation  of 
cracks,  voids,  discoloration,  and  AP  on  the  surface  of  the  propellant.  In 
addition,  Shore  A  measurements  are  made  at  the  forward,  bore,  and  aft  sections 
of  the  grain  to  determine  propellant  surface  hardness.  From  these  findings, 
general  quality  of  the  motor  grain  is  classified  as  fair,  poor,  or  very  poor. 

A  "good"  grain  condition  would  be  as-manufactured  (zero  age).  A  chart  showing 
how  the  ratings  are  derived  is  presented  in  Appendix  A,  Figure  A-30. 

Since  the  last  report  period,  the  following  31  motors 
were  visually  inspected. 


Phillips 

GTR 

AA20629 

AA20402 

AA20543 

AA20586 

AA20631 

AA20478 

AA20548 

AA20591 

AA20557 

AA20490 

AA20561 

AA20662 

AA20808 

AA20514 

AA20565 

AA20706 

AA21480 

AA20515 

AA20572 

AA20710 

AA20526 

AA20574 

AA20717 

AA20533 

AA20575 

AA20725 

AA20538 

AA20576 

AA20740 

AA20542 

AA20584 
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VI. A.  Materials  from  Motors  (Cont) 

A  visual  Inspection  summary  for  the  motors  listed  is 
located  in  Appendix  A,  Figure  A-16.  A  visual  inspection  for  all  motors 
inspected  to  date  is  located  in  Appendix  A,  Figure  A-17. 

For  all  motors  tested  to  date,  GTR  (CTPB)  motor  condition 
averaged  slightly  better  than  Phillips  (CTPB)  motor  condition.  Of  GTR  motors 
inspected,  51 %  were  rated  at  fair,  while  44%  of  all  Phillips  motors  Inspected 
were  rated  as  fair.  The  average  age  of  GTR  and  Phillips  motors  is  192  and  194 
mo,  respectively.  Since  age  difference  is  small,  age  was  eliminated  as  a 
factor  in  motor  condition  difference  between  GTR  and  Phillips  motors.  Motor 
rating  by  CTPB  populations  is  shown  below: 


Percent  of  Each  Motor  Rating  in  Each  Motor  Population 


GTR 

Phillips 

Pooled  (Phillips 
and  GTR) 

Fair 

51% 

44% 

48% 

Poor 

31% 

43% 

36% 

Very  Poor 

18% 

13% 

16% 

100% 

100% 

100% 

When  motor  condition  is  plotted  against  age,  a  correla¬ 
tion  is  seen  where  older  motors  tend  to  be  in  poorer  condition.  This  corre¬ 
lation  is  not  surprising  and  exists  when  all  motors  are  pooled  as  one  popula¬ 
tion  or  when  motors  are  separated  by  CTPB  manufacturer.  Field  returned  motors 
are  usually  between  15  to  18  years  old:  an  age-to-motor  condition  comparison 
for  these  motors  show  that  small  age  differences  can  have  a  significant  effect 
on  condition  for  this  age  range  (Figure  14). 

Inspection  of  Motor  AA20629  revealed  an  ll-in.-long, 
I-in.-deep  crack  in  the  aft  well  of  the  propellant  grain.  The  crack  was 
located  at  approximately  270  degrees,  and  was  determined  to  be  a  result  of 
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VI. A.  Materials  from  Motors  (Cont) 

motor  manufacturing  rather  than  aging.  See  Section  IV.C.l  of  this  report  for  a 
complete  description  of  Investigation  results. 

Inspection  of  Motor  AA20576  revealed  a  crazed  propellant 
surface  on  a  fin  adjacent  to  the  nipple  at  approximately  180  degrees.  The 
crazing  was  located  Inside  a  2-ln.-long,  1/2-ln. -wide,  by  l/2-ln.-deep  void. 

The  cause  of  the  crazed  surface  Is  unknown,  but  this  condition  was  local  and 
would  not  have  affected  motor  performance.  Motor  age  was  204  mo  at  the  time  of 
Inspection  and  the  motor  was  rated  to  be  in  very  poor  condition. 

The  visual  inspection  data  base  at  ASPC  has  been  aug¬ 
mented  by  visual  observations  at  00-ALC,  which  is  usually  restricted  to  obser¬ 
vations  through  the  igniter  boss  because  of  motor  disassembly  limitations. 

These  data  are  an  important  addition  to  the  present  database  because  it  rep¬ 
resents  motors  from  a  younger  population  increasing  the  range  of  motor  ages 
inspected.  The  boot  gap  data  are  used  in  section  IV. C. 2  of  this  report  as  part 
of  the  special  section  on  Early  Age-out  investigation.  The  00-ALC  data  is 
located  in  Appendix  A,  Figure  A-17. 

b.  On-Surface  Evaluation 

Six  Washout,  three  Lot  Combo,  three  PQA,  and  one  Plug 
motor  were  tested  for  on-surface  Shore  A.  The  test  results  are  summarized  in 
Appendix  A  of  this  report. 

The  mean  value  of  EQ  (initial  tangent  modulus)  is  de¬ 
rived  from  the  E0  values  taken  at  seven  axial  locations  throughout  the  motor. 
This  parameter  was  selected  because  it  has  the  best  correlation  (0.96  correla¬ 
tion  coefficient)  to  the  uniaxial  tensile  properties  at  0.1  in.  from  the  pro¬ 
pellant  surface.  Test  locations  and  data  values  for  each  motor  can  be  seen  in 
Figure  A-19  of  Appendix  A. 
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VI .A.  Materials  from  Motors  (Cont) 

Phillips  Motors  AA20613  and  1976A  (plug  motor)  compared 
favorably  to  the  mean  E0  for  Phillips  motors.  Motor  AA20629,  which  had  a 
crack  in  the  propellant  grain,  was  17.7%  lower  than  the  mean,  shown  in  the 
following  table. 


Motor 

CTPB 

Vendor 

V 

psi 

Mean  Eo’ 
Washout 

Var  % 

<+.  -) 

Age, 

mo 

AA21480 

(Plug  Motor  1976A) 

Phillips 

1,634.2 

1,679.7 

-2.7 

110 

AA20629 

Phillips 

1,381.1 

1,679.7 

-17.7 

197 

AA20613 

Phillips 

1,675.2 

1,679.7 

-0.20 

208 

Plug  Motor  (1976A):  because  this  motor  is  approximately 
10  years  old,  it  was  ranked  with  the  data  for  Phillips  washout  motors. 

GTR  motors  AA20596,  AA20530,  and  AA20402  show  properties 
comparable  to  other  motors  of  similar  age.  Their  Ec  does  not  vary  signifi¬ 
cantly  from  the  mean. 


Motor  AA21321,  the  early  age-out  motor,  has  a  mean  E0 
that  is  35%  lower  than  the  mean  for  GTR  motors.  Although  this  motor  is  nearly 
12  years  old,  it  has  surface  characteristics  comparable  to  one  month  old  reman¬ 
ufactured  motors.  Visual  observations  of  this  motor  revealed  aft  propellant 
slump  to  the  extent  that  aft  boot-to-propel lant  separation  could  not  be  mea¬ 
sured  in  the  0  degree  quadrant.  GTR  data  are  shown  below. 
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CTPB 

Mean,  E0 

Var  % 

Age, 

Motor 

Vendor 

E0,  psl 

Washout 

(+,-) 

mo 

AA21321 

GTR 

708.4 

1,097.6 

( -) 35 . 0 

132 

AA20596 

GTR 

1,148.8 

1,097.6 

(+)04. 5 

193 

AA20530 

GTR 

1,069.8 

1,097.6 

( -)02 . 5 

203 

AA20402 

GTR 

1,260.8 

1,097.6 

(+) 12 . 9 

217 

The  mean  E0  for  remanufactured  motors  shows 

a  wide 

range  of  variation  from  the 

mean  of  all 

remanuf ac tured 

motors;  +13.3%  to 

-31.6%.  Since 

these  motors 

are  tested  within  a  month 

of  the  cast 

date,  these 

variations  are 

probably  the 

result  of  surface  changes 

related  to 

the  curing 

process. 

CTPB 

Mean,  Eo 

Var  % 

Age, 

Motor 

Vendor 

E0t  psi 

Regraln 

(+,-) 

mo 

R6-049 

Phillips 

780.2 

966.4 

(  -) 19 . 3 

1.00 

R6-072 

Phillips 

875.7 

966.4 

(~)9.4 

1.00 

R7-017 

Phillips 

749.5 

966.4 

(-)22.4 

1.00 

PQA6-107 

Phillips 

885.8 

966.4 

( -)08. 3 

1.00 

PQA6-109 

Phillips 

660.7 

966.4 

(-)31.6 

1.00 

PQA6-108 

Phillips 

1,115.2 

966.4 

(  +) 1 3 . 9 

2.75 

c.  Ignltabillty  (IDM  and  SEM  Testing) 

Ignltabillty  testing  Is  performed  on  selected  old  and 
regrain  Miouteman  Stage  II  motors.  Propellant  Is  excised  from  the  forward  fin 
slots  and  tested  using  the  Ignition  Delay  Motor  (IDM)  and  SEM.  SEM  analysis 
reveals  surface  features  which  may  affect  Ignltabillty.  The  IDM  Is  a  small 
ballistic  model  designed  to  dynamically  simulate  the  Ignition  transients  and 
flame  propagation  of  the  Mlnuteman  Stage  II  motor. 
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VI. A.  Materials  from  Motors  (Cont) 

During  this  reporting  period  four  washout  motors 
(AA20402,  AA20629,  AA21480,  and  AA21321),  one  lot  combination  motor  (R6-072), 
and  two  production  quality  assurance  (PQA)  motors  (R6-069  and  R7-014)  were 
tested.  Samples  were  also  excised  from  R7-017.  Testing  Is  In  process. 
Ignitablllty  testing  and  SEM  results  for  these  motors  are  reported  In  the 
testing  summary  In  Appendix  A  of  this  report. 

The  quality  of  samples  excised  from  motors  has  been 
unpredictable.  Excise  tooling  produces  good  samples  from  some  motors  and  poor 
samples  from  others.  The  better  samples  are  consistently  obtained  at  0  deg  and 
poorer  samples  are  obtained  at  90  and  270  deg.  Samples  taken  from  the  fins  on 
the  sides  of  the  bore  have  a  tendency  to  be  lightweight  and  wedge  shaped.  A 
poor  fit  between  the  excise  tooling  and  the  fin  geometry  is  a  suspected  cause 
of  misshapen  samples.  The  present  excise  tooling  design  has  enough  flexibility 
to  accommodate  discrepancy  between  tooling  and  propellant  through  small, 
progressive  adlustments  rather  than  drastic  tooling  redesign. 

Recent  regrain  motors  present  a  more  severe  problem.  The 
condition  of  the  surface  at  the  top  of  the  fin  slots  has  been  consistently 
rough  on  all  regrain  motors  (Lot  Combo  and  PQA)  tested  recently.  This  condi¬ 
tion  appears  to  be  the  result  of  the  finish  of  the  fin  core  release.  The 
impact  of  this  rough  surface  on  ignitabiiity  testing  is  to  introduce  a  variable 
into  the  testing  scenario  that  has  not  been  characterized  or  evaluated.  The 
Increased  surface  area  of  recent  samples  should  cause  faster  ignition  but  the 
effects  of  humidity  conditioning  prior  to  firing  and  the  differences  between 
mechanically  induced  distortion  versus  humidity  or  age-driven  deformation  are 
unknown.  Long  term  aging  effects  are  unknown,  although  the  use  of  the  weather- 
seal  in  eliminating  moisture  recirculation  is  expected  to  prevent  aging 
changes.  This  has  been  demonstrated  in  the  igniter  where  propellant  with  the 
polymer  layer  removed  showed  no  change  with  aging. 
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VI. A.  Materials  from  Motors  (Cont) 

Since  IDM  test  results  are  used  to  predict  full-scale 
Minuteman  Stage  II  Ignition  delays,  a  prefire  prediction  for  PQA  6-108  was 
issued.  The  test  results  and  predictions  appear  to  be  anomalous  (see  dis¬ 
cussion  In  Appendix  A).  PQA  6-108  had  not  been  fired  during  this  reporting 
period.  The  preflre  report  for  PQA  6-109  will  be  prepared  upon  completion  of 
tes  ting . 


B.  LABORATORY  SAMPLES 

1.  Introduction 


Analog  carton  samples  prepared  as  shown  in  Figure  15  are  used 
to  monitor  the  aging  behavior  of  ANB-3066  propellant  used  in  the  Minuteman 
Remanufacture  program.  The  sample,  designed  to  simulate  the  surface-to-f ree 
volume  ratio  in  the  bore  of  the  Minuteman  Stage  II  motor,  Is  sealed  to 
represent  a  motor  with  a  weatherseal  in  place.  Samples  representing  each 
propellant  lot  combination  are  tested  after  designated  periods  of  storage  at 
BO,  110  and  135°F  to  provide  assurance  that  no  unexpected  variation  in 
stability  occurs  with  changes  in  materials  or  processing. 

To  ensure  that  propellant  representative  of  full-scale  motors 
is  being  monitored,  analog  samples  are  now  prepared  from  propellant  batches 
used  in  the  sixth  motor  cast  for  each  lot  combination  (as  opposed  to  use  of  DW 
qualification  batches).  Samples  from  Lot  Combinations  85A,  85B,  86A,  87B,  88D 
and  89a  have  been  cast  from  motor  batches. 

Although  previous  studies  have  indicated  that  significant 
differences  exist  hetween  properties  of  propellant  cast  into  motors  and 
properties  for  laboratory  samples,  it  is  expected  that  aging  trends  will  be 
s Iml la  r. 


f’age  47 


Report  0162-OS-SAAS-35 


VI.  B.  Laboratory  Samples  (Cont) 


Testing  Is  complete  for  Lot  Combinations  74  through  84. 

Samples  obtained  from  Lot  Combinations  85A  through  89A  have  been  tested  after 
storage  at  the  following  conditions: 

Lot  _ 80°F _ 

Combo  Control  12  mo 

85A  X 

85B  X  X 

86A  X  X 

87B  X 

88D  X 

89A  X 

2.  Mechanical  and  Chemical  Properties 

a.  Propellant 
(1)  Bulk  Propellant 
(a)  Uniaxial  Tensile  Properties 

Uniaxial  tensile  properties  of  control  and  aged  samples 
were  measured  at  0,  40,  77,  and  110°F  at  a  strain  rate  of  0.74  min"*.  Tests 
conducted  at  150°F,  0.0074  min-*  and  77°F,  100  min“*  at  1,650  psig  were 
added  in  the  revised  test  plan  to  measure  performance  of  the  propellant  at  test 
conditions  related  to  operational  storage  and  firing  loads.  Test  results  from 
samples  tested  this  report  period  (Lot  Combinations  85A  through  89A)  are 
tabulated  in  Appendix  B*. 


110aF 
16  mo 


135°F 
8  mo 

X 

X 

X 

X 


♦Results  of  tests  conducted  on  Lot  Combination  74  through  84  are  available  in 
SAAS-33. 
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VI. B.  Laboratory  Samples  (Cont) 

Values  of  uniaxial  tensile  properties  measured  at  77°F, 
0.74  mln"l  for  unaged  samples  from  16  lot  combinations  have  been  plotted  in 
control  chart  format  in  Figure  16.  Data  indicate  wide  variability  in  modulus 
and  strength  for  unaged  propellant.  Moduli  of  samples  from  86A,  87B,  and  88D 
are  among  the  highest  to  date.  On  the  basis  of  past  experience,  it  is  expected 
that  these  lot  combinations  will  age  at  rates  faster  than  average:  Lot 
Combinations  77  and  78,  also  high  initially,  showed  the  greatest  increase  in 
properties  with  aging. 


i'. 


1 


Data  measured  at  77°F,  0.74  min“l  have  been  combined  to 
assess  aging  behavior  of  the  total  population  at  several  aging  conditions. 
Although  additional  data  are  available  for  unaged  samples,  the  sample  size  for 
the  unaged  population  was  limited  to  results  from  Lot  Combinations  76  through 
858  to  provide  a  direct  comparison  in  properties  between  the  aged  and  unaged 
populations  (i.e.,  for  the  same  batches).  Cumulative  frequency  distributions 
of  uniaxial  tensile  properties  for  control  and  aged  populations  are  plotted  in 
Figures  17  through  19.  This  approach  is  useful  in  estimating  the  mean,  vari¬ 
ability  and  normality  of  the  population  and  the  approximate  magnitude  of  change 
in  properties  with  aging. 


•“  y- 


The  data  have  been  plotted  on  logarithmic  paper  as  a 
means  of  normalizing  variability  in  properties  on  a  basis  of  percentage  in¬ 
crease.  The  roughly  parallel  slopes  of  the  data  for  the  unaged  and  samples 
aged  at  elevated  temperatures  suggest  little  change  in  percent  variability  with 
aging. 


The  irregular  slope  of  the  cumulative  frequency  curve  for 
the  samples  aged  at  30°F  for  12  mo  indicates  greater  variability  in  properties 
at  that  condition.  This  Increased  variability  suggests  that  at  80°F,  expected 
propellant  hardening  related  to  postcure  is  not  complete  following  12-mo  stor¬ 
age.  Following  storage  at  high  temperatures,  variability  in  properties  goes 
down  as  samples  reach  the  same  level  of  cure  (indicated  by  shallower  slope  for 
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Control  Chart  of  Uniaxial  Tensile  Properties  for  Lot  Combinations 
76  Through  89A,  Unaged,  Sheet  1  of  2 


Analogs)  Test  Temperature:  77 

Round  Gallons)  Strain  Rate:  0.74  min 


ile  Properties  for  Lot  Combinations 
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liu  and  135°F  aging  In  Figures  17  through  19).  High  variability  at  80#F  indi¬ 
cates  factors  In  addition  to  elapsed  time  can  Influence  the  rate  of  cure  for 
ANB-3066  propellant.  Work  will  continue  to  evaluate  effects  of  formulation 
variables  and  process  changes  on  aging  behavior  for  propellant  lot  combina¬ 
tions. 


In  general,  the  lot  combinations  tend  to  age  at  approxi¬ 
mately  the  same  rate;  that  Is,  a  lot  combination  whose  modulus  is  initially 
highest  of  the  population  will  be  found  in  the  high  range  of  aged  samples. 
(Exceptions  for  Lot  Combinations  77  and  78  have  been  previously  noted.)  Pro¬ 
pellant  for  Lot  Combination  85B,  included  this  report  period,  behaves  as 
expected  in  comparison  with  other  batches. 


The  average  (median)  increase  in  properties  for  the 
population  (10  lot  combinations,  Figures  17  through  19)  following  storage  at 
several  aging  conditions  is  shown  below. 


Normalized  Properties  (Aged/Unaged) 


Agin®  Condition 

Jm 

em 

eb 

Eo 

Unaged  (Median) 

93 

35 

52 

455 

Unaged 

1.00 

1.00 

1.00 

1.00 

12  mo  at  80° F 

1.22 

0.74 

0.68 

1.40 

16  mo  at  1 10°F 

1.56 

0.62 

0.50 

2.20 

8  mo  a  t  13  5°  F 

1.64 

0.56 

0.43 

2.59 

The  values  for  normalized  properties  have  been  plotted  in 
Figure  20  as  a  function  of  equivalent  storage  time  at  80°F .  As  expected,  most 
severe  changes  in  properties  occur  at  elevated  storage  temperatures.  On  the 
basis  of  kinetic  evaluation  of  the  data,  8  mo  storage  at  135°F  is  approximately 
equal  to  52  mo  at  80°F;  16  mo  at  110°F  is  approximately  equivalent  to  46  mo  at 
t  80°F . 


Page  53 


Ter.c  Temperature:  77 
Strain  Fate:  C.  74  mir 


Lot  Combination 
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Capability  of  ANB-3066  Propellant 
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Effect  of  Aging  on  the  Cumulative  Frequency  Distribution  I 
Initial  Tangent  Modulus,  ANB-3066  Propellant 


Temperature  i 
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(b)  Stress  Relaxation 

Data  for  relaxation  moduli  (tests  conducted  at  77°F,  2.0% 
applied  strain)  of  control  and  aged  propellant  samples  are  in  agreement  with 
hardening  trends  noted  for  uniaxial  tensile  properties. 

Data  were  treated  using  the  approach  described  for  uni¬ 
axial  tensile  results  (cumulative  frequency  distributions).  The  average  (me¬ 
dian)  increase  in  relaxation  modulus  for  the  population  (Lot  Combinations  76 
through  85B)  following  storage  at  several  aging  conditions  is  shown  in  the 
following  table: 


Median 

Normalized  Er^ 

Aging  Conditions 

Eri 

(Aged/Unaged) 

Unaged 

263 

1.00 

12  mo  at  80°F 

450 

1.71 

16  mo  at  1 10°F 

680 

2.58 

8  mo  at  135°F 

790 

3.00 

A  comparison  of  normalized  relaxation  modulus  with  nor¬ 
malized  initial  tangent  modulus,  Section  VI. B . 2 .a . ( 1) (a ) ,  indicates  a  greater 
change  in  response  properties  with  aging  than  in  uniaxial  tensile  properties 
for  samples  stored  at  all  conditions.  Data  are  presented  in  Appendix  B. 

(2)  Gradients  from  the  Bore  and  Bond  line 

(a)  Uniaxial  Tensile  Properties 

Grain  cracking  due  to  propellant  surface  hardening  has 
been  identified  as  a  potential  failure  mode  for  the  Minuteman  propellant- 
llner-insulation  system  (Reference  5).  As  a  result,  the  gradients  in  uniaxial 
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tensile  properties  as  a  function  of  distance  from  the  simulated  bore  surface 
are  routinely  measured  using  mini  tensile  specimens  (0.1  in.  thickness,  1.0  in. 
gage  length). 


Effect  of  aging  on  strain  capability  at  the  bore  surface 
for  samples  from  16  lot  combinations  (Lot  Combinations  76  through  89)  is  pre¬ 
sented  in  Figure  21.  The  most  pronounced  change  in  properties  with  aging 
(Increased  strength  and  modulus,  decreased  strain  capability)  occurs  at  the 
simulated  bore  surface  (0  to  2.0  in.  from  bore  surface).  As  expected,  storage 
at  135°F  produces  most  severe  decreases  in  strain  capability  as  shown  in  the 
following  table: 


Average  Ratio  of  eB*  (Aged/Unaged) 


Storage  Conditions 

No.  Lot 
Combos 

0.1  in. 

from  Bore  Surface 

2.0  in. 

from  Bore  Surface 

Unaged  (em  Median) 

16 

20.8% 

28.8  % 

Unaged 

16 

1.00 

1.00 

12  mo  at  80°F 

11 

0.89 

0.83 

16  mo  at  110°F 

11 

0.68 

0.79 

8  mo  at  135°F 

14 

0.41 

0.67 

♦Strain  at  Nominal  Maximum  Stress,  cm 

At  distances  greater  than  2.0  in.  from  the  bore  surface, 
data  Indicate  relatively  uniform  changes  (on  a  percentage  basis)  throughout  the 
analog;  that  is,  the  initial  gradient  in  properties  tends  to  be  retained  as  the 
propellant  is  aged. 


An  exception  is  the  propellant  immediately  adjacent  to 
the  bondline.  A  hardened  layer  is  present  in  control  samples  at  0.1  in.  from 
hondllne  interface.  With  additional  aging,  the  propellant  at  0.1  in.  shows 
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some  softening,  which  has  been  attributed  to  migration  and  subsequent  degrada¬ 
tion  of  azlridines  from  SD-851-2  liner.  Confirmed  migration  of  plasticizers 
from  the  insulation  may  also  contribute  to  propellant  softening  noted  in  aged 
samples. 

Propellant  at  distances  greater  than  0.1  in.  from  the 
interface  continues  to  harden  with  age. 

Uniaxial  tensile  properties  adjacent  to  the  bondline  are 
no  longer  measured.  Changes  in  modulus,  of  particular  concern  at  the  bondline, 
are  currently  monitored  using  stress  relaxation  tests. 

(b)  Stress  Relaxation 

The  gradient  in  relaxation  moduli  as  a  function  of 
distance  from  the  bondline  was  measured  in  tests  conducted  at  77°F  with  2.0% 
applied  strain.  Data  from  11  lot  combinations  have  been  combined  with  com¬ 
parable  uniaxial  tensile  data  to  provide  a  correlation  between  relaxation 
modulus  and  initial  tangent  modulus  at  the  bondline  (Figure  22).  The  cor¬ 
relation  is  significant  for  both  the  unaged  population  and  for  samples  aged  8 
mo  at  135®F.  The  increase  in  slope*  for  the  aged  population  indicates  that 
relaxation  modulus  is  increasing  at  a  faster  rate  than  initial  tangent  modulus 
for  propellant  adjacent  to  the  bondline.  This  increase  has  also  been  noted  for 
bulk  propellant  from  laboratory  samples  [Section  VI . B . 2 .a . ( 1) (b) ] .  The 
parameter  Er^  is  important  in  assessing  stresses  at  the  bondline. 
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♦Significant  difference  based  on  t-test,  a  =  0.05. 
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Figure  22.  Relationship  Between  Relaxation  Modulus  at  One  Minute  and 

Initial  Tangent  Modulus  for  ANB-3066  Propellant  (Laboratory 
Samples,  Control  and  Aged  8  mo  at  135°) 
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VI. B.  Laboratory  Samples  (Cont) 

(c)  Chemical  Evaluation  of  Propellant  by  FTIR 

(Transmission  Spectra  of  Chloroform  Extracts) 

Propellant  extracts  were  analyzed  by  FTIR  for  gradients 
from  the  simulated  bore  and  bondline  surfaces  of  analog  samples.  The  absorb¬ 
ance  of  the  970  WN  peak  (normalized  to  initial  weight)  exhibits  changes  typical 
of  all  CTPB  peaks  and  is  indicative  of  the  amount  of  extractable  CTPB.  A  com¬ 
plete  discussion  of  FTIR  capabilities  is  presented  in  SAAS-34.  FTIR  data  is 
presented  in  Appendix  B. 

Gradient  from  the  Bore  -  The  decrease  in  extractable  CTPB 
with  aging  near  the  bore  surface  is  in  agreement  with  the  hardening  observed 
for  mechanical  properties.  The  decrease  in  CTPB  extracted  after  aging  for  8  mo 
at  135°F  is  most  pronounced  to  a  depth  of  approximately  0.3  in.  from  the  bore 
surface.  Hardening  to  a  similar  depth  is  observed  for  mechanical  properties. 
This  hardening  appears  to  be  a  result  of  oxidative  crosslinking. 

The  wide  range  of  extractable  CTPB  indicated  for  unaged 
samples  from  the  various  lot  combinations  Is  a  result  of  the  differences  in  the 
degree  of  post  cure.  After  aging  8  mo  at  135°F,  the  variability  seen  between 
the  lot  combinations  has  narrowed.  However,  the  lot  combinations  having  the 
least  amount  of  extractable  CTPB  initially  also  have  the  least  amount  after 
aging  (see  Figure  23). 

Gradient  from  the  Bondline  -  The  changes  in  the  amount  of 
extractable  CTPB  with  aging  near  the  bondline  are  in  agreement  with  mechanical 
properties.  The  bondline  interface  initially  has  less  extractable  CTPB  (com¬ 
pared  to  bulk  propellant)  due  to  the  migration  and  subsequent  reaction  of  the 
aziridines  from  the  liner.  The  liner  aziridines  degrade  thermally,  which  re¬ 
sults  in  an  increase  in  extractable  CTPB  after  aging  8  mo  at  135°F  (see  Figure 
24).  Similarly,  mechanical  properties  show  an  initial  hardness  at  the  inter¬ 
face  followed  by  softening. 


Unaged  Aged  8  Mo.  §  135 
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Propellant  at  distances  greater  than  0.1  in.  from  the 
bondline  interface  show  a  decrease  in  extractable  CTPB  with  age,  indicative  of 
the  hardening  observed  for  mechanical  properties. 


Migration  of  DO?  from  the  insulation  into  the  propellant 
is  monitored  by  Increases  in  the  absorbance  of  the  peak  at  1295  WN.  After  8  mo 
aging  at  135°F,  DOP  has  migrated  to  a  depth  of  approximately  0.5  in.  from  the 
bondline  interface  (see  Figure  25).  The  effects  of  DOP  plasticization  of  the 
propellant  on  mechanical  properties  cannot  be  defined  since  mechanical  prop¬ 
erties  reflect  the  net  results  of  plasticization  (softening)  and  additional 
crossiinklng  (hardening). 


b.  Propellant-Liner-Insulation  Bond 


The  effect  of  aging  on  the  strength  of  the  propellant- 
liner-insulation  bond  (ANB-3066/SD-851-2/V-45)  has  been  routinely  monitored 
using  constant  rate  and  constant  load  tests  conducted  at  77°F.  These  tests  are 
now  supplemented  with  high  rate  shear  tests  conducted  at  operational  conditions 
(1,000  min“l,  600  pslg  superimposed  pressure)  to  determine  effects  of  age  on 
bond  strength  for  firing.  Although  bond  strength  of  the  propellan t-liner- 
lnsulation  system  is  probably  not  associated  with  changes  in  propellant  lot 
combinations,  strengths  are  routinely  monitored  to  provide  general  information 
regarding  aging  behavior  of  the  bond. 


Previous  experience  indicates  that  an  initial  increase  in 
bond  tensile  strength  is  expected  due  to  postcure.  This  Increase  is  evident  in 
results  of  constant  rate  tests  for  samples  from  most  lot  combinations  stored  at 
80°F  (Figure  26).  (Data  for  Lot  Combinations  79,  83  and  85B  show  a  slight 
decrease  for  hoth  standard  and  mini-sized  specimens.) 
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Figure  25.  Migration  of  DOP  From  V-45  Insulation  into  the  Propellant 
Occurs  With  Aging 
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VI. B.  Laboratory  Samples  (Cont) 

Results  from  tests  performed  on  samples  stored  for  24  or 
36  mo  at  80°F  Indicates  a  decrease  in  bond  strength  for  all  lot  combinations. 
This  decrease  is  expected,  indicated  by  results  of  liner  degradation  studies 
conducted  during  the  LRSLA  program. 

Results  of  constant  rate  tensile  tests  showed  bond 
strength  of  samples  stored  at  elevated  temperature  (110  or  135°F)  decreases 
during  the  first  year  of  storage  for  all  lot  combinations.  Additional  testing 
conducted  on  samples  from  Lot  Combination  76  suggests  that  bond  strength  con¬ 
tinues  to  decrease  at  elevated  temperatures  (tested  following  24  mo  storage  at 
110  or  135°F).  Data  for  all  lot  combinations  is  provided  in  Appendix  B. 

Testing  using  mini-sized  specimens  (1.0  x  1.0  x  0.5  in.) 
has  been  performed  in  conjunction  with  standard  specimens  (1.75  x  1.75  x  1.0 
in.).  In  general,  bond  tensile  strength  measured  using  mini-sized  specimens  is 
slightly  lower  than  strengths  for  standard  specimens  over  the  range  of  data 
(  40  to  120  psi).  (A  correlation  relating  mini  and  standard  values  was  pro¬ 
vided  in  the  previous  report.)  Mini-sized  specimens  are  frequently  used  where 
sampling  material  is  limited  (excised  samples,  plugs)  or  to  evaluate  effects  of 
location  in  critical  areas. 

Results  of  constant  load  tests  lend  to  be  more  variable 
than  similar  data  from  constant  rate  tests;  however,  results  of  constant  load 
tests  are  valuable  for  evaluating  long-term  storage  capability.  Results  of 
constant  load  tests  for  Lot  Combinations  75  through  88D  are  provided  in  Appen¬ 
dix  B.  Tests  were  conducted  at  loads  ranging  from  19  to  70  psi  with  times  to 
failure  ranging  to  253,514  min.  (25  weeks). 

Data  are  in  general  agreement  with  results  of  constant 
rate  tensile  tests  in  showing  an  initial  Increase  in  bond  strength  followed  by 
decreasing  bond  strength  for  samples  stored  at  110  or  135°F. 
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VI. B.  Laboratory  Samples  (Cont) 

Tests  of  the  propellant- liner-insulation  bond  have  been 
expanded  to  include  high  rate  shear  tests  conducted  at  operational  conditions 
(tested  at  77°F,  1,000  min”^,  600  psig  superimposed  pressure).  Values  for 
unaged  analogs  from  Lot  Combinations  85A  through  88D  range  from  220  to  272  psi 
With  aging,  variability  in  strength  increases:  Of  eight  lot  combinations  for 
which  aging  data  is  available,  three  show  increases  and  five  show  decreases  in 
shear  strength  following  storage  at  elevated  temperatures  (Figure  27). 

On  the  basis  of  results  from  previous  studies,  no  signif 
leant  decrease  in  high  rate  shear  stress  is  expected  with  increasing  storage 
time  (Reference  8). 

The  predominant  mode  of  specimen  failure  continues  to  be 
either  (a)  within  the  liner,  or  (b)  between  propellant  and  liner  (Reference  8). 

c.  SD-851-2  Liner 

Updated  data  tables  for  chemical  testing  of  SD-851-2 
liner  from  Lot  Combinations  76  to  89A  are  provided  in  Appendix  B.  Chemical 
testing  includes  swelling  ratio  and  gel-filler  fraction.  Current  data  for  lot 
combinations  tested  this  report  period  follow  previously  established  trends. 
Testing  of  liner  will  be  continued  to  monitor  deviations  from  established 
trends. 

d.  V-45  Insulation 

Results  of  stress  relaxation  tests  conducted  on  V-45 
insulation  from  analog  cartons  stored  at  80,  110  and  135°F  are  tabulated  in 
Appendix  B.  The  percent  change  in  relaxation  modulus  at  1  min,  Er^  (tested 
at  77°F,  20%  applied  strain),  for  Lot  Combinations  75  through  86  is  as  follows 
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Tea t  Temperature:  77°F 
Crosshead  Rate:  200  in. /min 
Superimposed  Pressure:  600  psig 
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Control 


Bond  Shear  Strength,  pal  following  aging  at: 

12  mo  24  mo  16  mo  8  mo  Aging 
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Figure  27.  Effect  of  Storage  Conditions  on  Bond  Shear  Strength  of 
ANB-3066  Propellant/SD-851-2  Liner/V-45  Insulation  Bond 
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Change  in  Relaxation  Modulus  at  One  Minute,  7. 

Storage  Conditions 


Lo  t 

Eri 

12  mo 

24  mo  36  mo 

16  mo 

8  mo 

£ 

Combo 

at  77°F 

at  80°F 

at  80 °F  at  85°F 

at  110#F 

at  135°F 

76 

1,086 

-13 

23  26 

17 

14 

\\ 

77 

1,033 

16 

48 

35 

78 

1, 138 

1 

17  44 

34 

42 

•nr 

79 

792 

14 

81 

60 

79 

v; 

80A 

870 

20 

-5 

63 

31 

8 1A 

810 

-29 

57 

ta* 

82E 

990 

** 

32 

43 

83 

874 

26 

84 

42 

rj 

84 

790 

17 

73 

37 

85B 

847 

48 

77 

81 

f* 

86 

990 

67 

8  7A 

1,215 

36 

19 

87B 

1,088 

63 

•  /’ 

88D 

1,294 

r-a 

89A 

1,162 

tmA 

Comparison  of  insulation  used 

in  analogs 

with  different 

propellant  and  liner  lot  combinations  continue  to  indicate  somewhat  erratic 
data,  probably  due  to  orientation  effects  in  the  basic  material.  Unaged 
cartons  representing  Lot  Combinations  76  through  86A  gave  values  for  relaxation 
modulus  at  1  min.  ranging  from  790  to  1,294  psi.  Relaxation  moduli  continue  to 
show  increase  with  increasing  time  and  temperature  at  all  storage  conditions. 


Chemical  testing  of  V-45  insulation  Includes  swelling 
ratio,  gel-filler  fraction,  weight  7.  DOP,  weight  %  H20,  Shore  A  hardness, 
and  density.  Updated  data  tables  for  chemical  testing  of  insulation  from  Lot 
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VI. B.  Laboratory  Samples  (Cont) 

Combinations  76  to  89A  are  provided  in  Appendix  B.  Current  data  for  the  lot 
combinations  tested  this  report  period  follow  previously  established  trends. 
Complete  testing  of  V-45  Insulation  In  lot  analogs  will  be  continued  to  monitor 
any  deviations  from  established  trends. 

C.  SPECIAL  TOPICS 

1.  Cracked  Motor  Investigation 

a.  Introduction 

In  support  of  the  Aging  and  Surveillance  program,  propel- 
lant-llner-insulation  samples  are  periodically  removed  from  field-returned 
motors  prior  to  remanufacture  to  assess  effects  of  real-time  aging  for  motors 
stored  under  actual  silo  conditions.  As  a  result,  Motor  AA20629,  returned  for 
remanufacture  30  March  1985,  was  randomly  selected  for  mechanical  and  chemical 
properties  evaluation. 

During  routine  nondestructive  testing  of  Motor  AA20629,  a 
propellant  crack  was  observed  in  the  aft  nozzle  well  area  (270°  orientation, 
forward  of  the  aft  equator,  aft  of  the  bore).  In  addition,  surface  Irregular¬ 
ities  (stippling)  were  noted  in  propellant  aft  of  the  crack.  Motor  AA20629, 
aged  199  mo,  Is  the  first  of  all  returned  motors  in  which  a  propellant  crack 
has  been  observed. 

This  section  summarizes  results  of  work  performed  to 
determine  age  and  cause  of  the  crack  and  evaluate  its  effects  on  motor  per¬ 
formance.  A  complete  report,  along  with  detailed  test  results,  will  be  pro¬ 
vided  under  separate  cover  (MMII-TP-018,  Final  Report). 
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VI. C.  Special  Topics  (Cont) 
b.  Scope 

Routine  testing  of  field-returned  motors  encompasses: 

.  Visual  Inspection  (to  document  physical 
characteristics  of  the  motor). 

.  Mechanical  and  chemical  testing  of  a  propellant- 
liner-insulation  sample  excised  from  the  aft  end. 

.  Ignltabllity  testing  of  a  propellant  sample  excised 
from  the  forward  end. 

.  Non-destructive  testing  (On-Surface  Tester)  at  various 
locations  within  the  bore  to  estimate  mechanical 
properties  of  propellant  in  critical  locations. 

These  tests  were  performed  on  Motor  AA20629  for 
comparison  with  a  database  of  samples  from  aged  motors. 

Subsequent  to  the  crack  discovery,  the  scope  of  testing 
was  enlarged  to  determine  cause  of  the  crack  and  Its  effects  on  motor 
performance.  Tasks  included  photographic  documentation,  X-ray  evaluation, 
mechanical  and  chemical  properties  of  samples  from  the  affected  area,  as  well 
as  burning  front,  crack  critically,  and  propellant  stress  analyses. 

The  location  for  various  samples  removed  from  Motor 
AA20629  Is  indicated  In  Figure  28.  Tests  were  conducted  according  to  the  test 
matrix  provided  in  Figure  29. 
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c.  Summary  of  Results 

Results  of  the  investigation  indicate  that  the  propellant 
crack  was  formed  at  the  time  of  manufacture.  This  statement  is  supported  by 
evidence  from  inspections  under  ultraviolet  light  and  scanning  electron  micro¬ 
scope  as  well  as  mechanical  and  chemical  properties  evaluation  of  propellant 
samples  from  the  affected  area. 

Ultraviolet  Light  (UV) 


Upon  examination  under  UV  light,  propellant  near  the  bore 
surface  typically  exhibits  discoloration  bands.  The  discoloration  results  from 
diffusion  of  an  environmental  contaminant  such  as  oxygen  or  moisture  into  the 
propellant.  Examination  of  a  propellant  sample  from  the  crack  area  indicated 
the  presence  of  three  bands  (Figure  30).  The  shape  of  the  bands  from  a  cross- 
sectional  view  is  significant:  Each  band  interface  is  a  uniform  distance  from 
the  bore  surface  in  the  unaffected  area.  However,  the  bands  extend  deeper  into 
the  propellant  surrounding  the  crack.  Assuming  constant  diffusion  rates  from 
surfaces  exposed  to  air,  it  appears  the  crack  has  been  present  for  most  of  the 
life  of  the  motor. 


Scanning  Electron  Microscope  (SEM) 

Propellant  from  the  affected  area  was  examined  under  SEM 
to  evlauate  the  surface  conditions  of  the  crack.  Recrystallized  ammonium 
perchlorate  (AP)  was  identified  along  the  surface  of  the  crack  in  quantities 
similar  to  that  found  on  bore  surfaces.  Newly  exposed  surfaces  showed  AP  well 
contained  within  the  propellant  matrix.  The  presence  of  recrystallized  AP  on 
the  crack  surface  could  occur  only  following  extended  periods  of  exposure  to 
mois  ture. 
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Figure  30.  Ultraviolet  Light  Photos  and  Bond  Color  Plot 
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Mechanical  Properties 

Uniaxial  tensile  properties  were  measured  as  a  function 
of  distance  from  the  bore  surface  for  propellant  removed  immediately  forward 
and  aft  of  the  propellant  crack.  Results  confirm  the  presence  of  a  hardened 
layer  near  the  bore  surface;*  properties  follow  the  visually  observed  contours 
of  the  crack. 


Evaluation  of  additional  propellant-liner-insulation 
samples  removed  for  comparison  with  other  aged  motors  indicate  propellant  from 
the  cracked  motor  is  typical  of  aged  material  from  full-scale  motors. 

Chemical  Properties 

The  trends  observed  In  the  chemical  properties  of  the 
propellant  are  In  agreement  with  the  mechanical  properties  from  a  similar 
location.  The  hardening  near  the  bore  surface  is  supported  by  swelling  ratio, 
gel-filler  fraction  and  FTIR  analysis. 

Inspection  and  test  results  for  Motor  AA20629  are 
summarized  in  Figure  31.  A  scenario  for  grain  cracking  during  manufacture  is 
provided  in  Figure  32. 

2.  Investigation  of  Early  Age-Out  -  Interim  Progress  Report 

a.  Introduction 

The  objectives  of  the  study  are  to  evaluate  the  aging 
condition  of  liner  from  motors  considered  to  be  prematurely  aged  and  to 
Investigate  the  potential  causes  for  the  observed  condition.  Tasks  are: 

♦Hardening  at  the  bore  surface  with  age  is  expected  for  propellant  formulated 
wi th  Phillips  CTPB 
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The  various  events  of  the  grain  cracking  process  are: 

The  cast  dam  used  in  molding  the  grain  in  the  nozzle  well  was  not  prop¬ 
erly  mold-released  in  the  area  around  the  270  deg  azimuth,  except  for 
the  sprue  hole. 

After  propellant  cure,  and  while  the  grain  was  still  at  the  cure  temper¬ 
ature,  the  cast  dam  was  pulled. 

The  mold-released  area  of  the  cast  dam  separated  from  the  jrain,  while 
the  un released  area  was  still  attached. 

The  eccentric  load  placed  on  the  grain  caused  local  nozzle  well  distor¬ 
tion  and  grain  fracture  at  the  stress  concentration  formed  by  the  abrupt 
change  in  the  bore  configuration. 

The  grain  fracture  was  subsurface,  since  the  surface  skin  was  still  a 
high  elongation  rubber.  This  skin  layer  probably  prevented  early  de¬ 
tection  of  the  crack.  Air  oxidation  of  the  surface  polymer  led  to  its 
fracture  within  a  short  time  (less  than  a  month). 

The  cast  dam  began  to  tear  away  from  the  propellant  at  this  p.int.  It 
removed  some  of  the  surface  propellant  leaving  the  grain  with  a  stippled 
appearance . 

Crack  growth  was  probably  limited  to  this  initial  event  and  motor  cool¬ 
ing  from  the  cure  temperature.  No  detectable  growth  over  time  is 
indicated. 


Figure  32.  Scenario  for  Crain  Cracking,  Motor  AA20629 
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.  To  perform  mechanical,  chemical,  and  nondestructive 
testing  of  materials  excised  from  Motors  AA21049  and 
AA21321. 

.  To  review  data  and  information  from  four  sources: 

.  previously  issued  technical  reports 
.  Hill  Air  Force  Base  motor  carton  testing 
.  Aerojet  archives 

.  Integrated  Processing  Instruction  (IPI)  Log  books 

.  To  update  the  manufacturing  variables  study  performed 
during  LRSLA  program 

b.  Scope/Status 

This  report  summarizes  results  of: 

.  Testing  conducted  on  samples  removed  from  Motors 
AA21049  and  AA21321 

.  Preliminary  review  of  data  from  previously  issued 
reports.  Data  includes  test  results  of  113  motor 
excise  samples,  ranging  in  age  from  44  to  222  mo, 
performed  during  both  the  LRSLA  investigation  and 
current  service  life  analyses 

.  Preliminary  review  of  results  for  testing  conducted 
at  Hill  Air  Force  Base.  Tests  were  performed  through 
1982  on  cartons  representing  36  motors,  ranging  in  age 
from  17  to  90  mo  (Reference  9) 


Page  82 


Report  0162-06-SAAS-35 


VI. C.  Special  Topics  (Cont) 

.  Preliminary  update  of  the  manufacturing  variables 
study  conducted  during  the  LRSLA  program 
(Reference  10). 

c.  Conclusions 

On  the  basis  of  test  data  and  visual  inspection  reports 
from  ASPC,  similar  failure  mechanisms  are  responsible  for  the  rejection  of 
Motors  AA21049  and  AA21321  from  operational  use.  The  probable  cause  for  the 
premature  age-out  conditions,  evidenced  by  excessive  boot  gap,  is  related  to 
boot  insulation  shrinkage  and  to  liner  degradation.  The  degree  of  liner  degra¬ 
dation  is  greater  in  Motor  AA21321  than  in  Motor  AA21049. 

The  large  batch- to-batch  variability  observed  in  Hill  Air 
Force  Base  testing  of  cartons  implies  that  individual  liner  batches  may  be 
anomalous  rather  than  all  batches  from  an  entire  liner  lot. 

The  preliminary  assessment  of  the  manufacturing  variables 
study  indicates  that  the  rate  of  motor  age-out  may  be  predictable  from  the  type 
of  data  documented  in  motor  manufacturing  supplemented  by  existing  motor  ex¬ 
cised  sampling  data. 

d.  Background 

Motors  are  visually  inspected  at  00-ALC  during  rotation 
from  silos.  On  the  basis  of  this  inspection,  motors  can  be  rejected  from  oper¬ 
ational  use.  A  boot  gap  at  the  forward  end  of  0.03  in.  or  greater  is  the  basis 
for  closer  inspection  at  00-ALC.  Motors  are  removed  from  the  force  if  a  boot 
gap  of  0.06  to  0.12  in.  is  observed  at  the  forward  end,  accompanied  by  degraded 
liner. 
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Boot  gap  is  a  result  of  boot  shrinkage  combined  with 
liner  degradation.  Degree  of  boot  gap  has  been  hypothesized  to  be  influenced 
by  manufacturing  variables,  such  as  boot  size  and  boot  layup  techniques. 
However,  no  permanent  record  of  these  variables  is  available  to  confirm  the 
hypothesis.  Boot  shrinkage  is  related  to  the  net  loss  of  plasticizers  in  the 
V-45  insulation.  The  liner  degrades  via  a  hydrolytic  reaction,  therefore  the 
rate  of  liner  degradation  depends  on  the  moisture  present  in  the  bond  system  as 
well  as  motor  age. 


Six  of  the  37  motors  visually  inspected  at  OO-ALC  since 
November  1983  have  been  rejected  from  operational  use  due  to  prematurely  aged 
conditions  (see  the  following  table).  These  six  motors  range  in  age  from  10  to 
13  years  and  were  cast  using  three  liner  lots;  Lf,  Sq,  and  Z8*  (liner  lot 
Zs  was  used  during  two  time  periods:  Zs*  8/75-10/75  and  Zs  12/75-1/77). 

Two  of  the  six  motors,  Motors  AA21049  and  AA1321,  have 
been  tested  at  ASPC.  Samples  from  the  remaining  four  motors  will  be  removed 
and  tested  at  ASPC  during  GFY  1986. 

RESULTS  OF  MOTOR  INSPECTIONS  CONDUCTED  AT  00-ALC 


Motor  SN 

Strip 

Da  te 

Liner 

Lot 

Inspection  Remarks 

AA21046 

10-1-72 

Lf 

0.090-in.  gap,  full  360  deg 

AA21049 

10-7-72 

Lf 

tacky  liner 

AA21058 

10-25-72 

Lf 

liner  flowing,  0.03-in.  debond,  60 
to  120  deg 

AA21321 

7-10-79 

Sq 

liner  flowing 

AA21434 

9-28-75 

V 

tacky  liner,  0.06  to  0.12-in.  gap 

AA21436 

10-8-75 

Zs* 

dark,  tacky  liner,  0.06-in.  gap, 
full  360  deg 
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Three  out  of  four  motors  with  Lf,  one  out  of  two  motors 
with  Sq,  and  two  out  of  four  motors  with  Zg*  that  were  inspected  were  re¬ 
jected  for  those  liner  lots. 

e.  Discussion 

Motor  AA21049  vs  Motor  AA21321 


Similar  failure  mechanisms  are  responsible  for  the  rejec¬ 
tion  of  Motors  AA21049  and  AA21321  from  operational  use.  The  probable  cause 
for  the  premature  age-out  conditions,  evidenced  by  excessive  boot  gap,  is  re¬ 
lated  to  boot  insulation  shrinkage  and  to  degradation  of  the  liner.  Visual  in¬ 
spection  reports  by  ASPC  show  a  forward  boot  gap  of  0.08  in.  in  AA21049  with 
tacky  liner  and  a  forward  boot  gap  of  0.12  in.  in  Motor  AA21321  with  a  flowing 
liner. 


Mechanical  and  chemical  testing  of  samples  excised  from 
the  aft  end  of  the  motors  support  the  observed  differences  in  liner  degradation 
between  the  two  motors;  Motor  AA21321  has  lower  bond  tensile  strength,  and  a 
more  highly  degraded  liner  compared  to  Motor  AA21049.  Additionally,  Motor 
AA21321  has  softer  propellant  near  the  bondline,  usually  indicated  in  motors 
with  degraded  liners. 


A  comparison  of  test  results  is  shown  in  Figure  33. 

Testing  conducted  on  a  sample  excised  from  the  aft  end  of 
Motor  AA21049  indicates  that  properties  of  insulation  and  propellant  are  within 
the  ranges  seen  in  comparably-aged  motors.  The  dominant  cause  of  the  excessive 
boot  gap  in  Motor  AA21049  may  be  related  to  boot  shrinkage  or  manufacturing 
variables  affecting  the  boot  insulatira.  Several  processing  variables  have 
been  suggested  which  may  influence  boot  behavior  (boot  size,  layup  technique); 
however,  no  permanent  records  are  available  to  verify  the  contribution  of  these 
variab les. 
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Testing  conducted  on  a  sample  excised  from  the  aft  end  of 
Motor  AA21321  indicates  the  liner  is  totally  degraded  at  138  months.  Bond  ten¬ 
sile  strength  of  three  specimens  ranges  from  12  to  27  psi;  a  value  less  than 
20  psi  is  indicative  of  a  totally  degraded  liner.  The  gel-filler  fraction  is 
0.036;  a  value  of  0.030  representing  the  filler  content  of  the  liner,  indicates 
totally  degraded  liner.  Propellant  adjacent  to  the  liner  is  also  affected; 
both  strength  and  strain  capability  are  reduced  at  the  interface. 

Testing  conducted  at  Hill  Air  Force  Base  on  a  9x9  in. 
carton  representing  Motor  AA21321  indicates  that  the  liner  was  considerably  de¬ 
graded  at  age  67  months.  Bond  tensile  strength  was  low  (28  psi),  gel-filler 
fraction  was  low  (0.456),  and  swelling  ratio  was  high  (2.17)  compared  to  aver¬ 
age  values  obtained  for  cartons  aged  60  to  80  mo  (bond  tensile  of  44  psi,  gel- 
filler  fraction  of  0.545,  and  swelling  ratio  of  1.94). 

The  combination  of  test  results  from  ASPC  and  Hill  Air 
Force  Base  indicate  the  liners  from  Motor  AA21321  and  the  representative  carton 
have  either  been  degrading  faster  than  normal  or  were  marginal  from  the  start. 
The  initial  condition  of  the  liner  used  in  the  motor  is  unknown  (see  following 
discussion  of  ba tch-to-ba tch  variability). 

Properties  of  excised  samples  from  Motors  AA21049  and 
AA21321  are  compared  to  excised  samples  previously  tested  at  ASPC  (Figures  34 
to  36).  Similarly,  properties  of  cartons  representing  Motor  AA21321  at  67  mo 
in  comparison  with  cartons  tested  at  Hill  Air  Force  Base  are  shown  in  Fig¬ 
ures  37  to  39.  Test  results  for  Motors  AA21049  and  AA21321  in  addition  to 
those  for  the  population  of  motor  excised  samples  tested  to  date  are  presented 
in  Appendix  A. 


GEL -FILLER  FRACTION  OF  LINER  FROM  EARLY  AGEOUT  MOTORS 
COMPARED  TO  OTHER  EXCISED  MOTORS 
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Figure  35.  Gel-Filler  Fraction  of  Liner  From  Early  Ageout  Motors 
Compared  to  Other  Excised  Motors 
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Batch- to-Batch  Variability 

Hill  Air  Force  Base  has  been  testing  cartons  cast  from 
materials  used  in  motors  for  several  years.  Bond  test  data  is  available  from 
36  cartons  representing  motors  cast  between  1972  and  1977.  The  age  of  the  car¬ 
tons  at  the  time  of  testing  ranges  from  17  to  90  months.  Test  data  for  unaged 
cartons  is  not  currently  available.  Testing  included  liner  swelling  ratio, 
liner  gel-filler  fraction,  bond  tensile  strength  (mini-DPT),  and  7.  insulation 
mois  ture. 


Test  data  from  Hill  Air  Force  Base  indicates  large  batch- 
to-ba tch  variability  within  lots  for  the  liner  lots  tested.  Four  liner  lots 
were  represented  (n  >  3)  in  the  carton  testing:  Lf,  Ro,  Sq,  and  Zs.  The  ranges 
observed  in  three  test  properties  are  listed  for  each  liner  lot: 


Liner 

Lot 

Age, 

mo 

N 

Liner 

,  Se/So 

Liner 

Gel 

Bond  Tensile, 
psi 

Lf 

81  to  90 

10 

1.68 

to  2.02 

0.500  to 

0.624 

41  to  67 

Ro 

68  to  71 

4 

1.71 

to  2.31 

0.408  to 

0.570 

21  to  54 

Sq 

66  to  70 

5 

1.81 

to  2.17 

0.456  to 

0.649 

28  to  56 

Zs 

37  to  45 

5 

1.66 

to  1.92 

0.677  to 

0.693 

67  to  97 

Out  of  the  36  cartons  tested,  2  cartons  are  out  of  the 
observed  range  of  values;  the  cartons  representing  Motors  AA21321  and  AA21260. 
The  liner  in  AA21321  is  from  Lot  Sq  which  has  been  identified  as  suspect. 
However,  the  liner  in  AA21260  is  from  Lot  Ro  which  has  not  been  identified  as 
suspect  (one  motor  with  liner  Lot  Ro  has  been  inspected  and  passed  at  00-ALC). 
Further  investigation  of  Motor  AA21260  is  recommended.  The  other  cartons 
tested  from  these  two  liner  lots  are  within  the  observed  range  of  values. 

These  observations  suggest  that  individual  batches  within 
a  liner  lot  may  be  anomalous  rather  than  3n  entire  liner  lot.  Review  of 
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additional  data  from  Hill  Air  Force  Base  is  necessary.  No  ba tch-to-ba tch  vari¬ 
ability  is  seen  in  testing  conducted  at  ASPC  since  only  one  batch  is  routinely 
tested  to  qualify  a  liner  lot.  Graphic  representations  of  the  carton  test  data 
are  shown  in  Figures  37  to  39.  The  test  results  are  listed  in  Appendix  A. 

Preliminary  Update  of  Manufacturing  Variables  Study 

The  rate  of  motor  age-out  appears  to  be  predictable  from 
the  type  of  data  documented  in  motor  manufacturing,  supplemented  by  age- 
dependent  relationships  derived  from  motor  excised  sampling  data.  The  rate 
equation  was  derived  on  the  basis  of  the  conclusions  reached  in  the  initial 
manufacturing  variables  study  conducted  in  1976  as  a  part  of  the  LRSLA  program 
(Reference  10). 


A  large  database  was  available  for  the  initial  study. 
These  data  included  the  manufacturing  variables  for  the  SD-851-2  liner  for 
1,347  Minuteman  Stage  II  and  206  Minuteman  Stage  III  production  motors.  In  ad¬ 
dition,  excised  sample  data  were  obtained  for  50  motors  ranging  in  age  from  44 
to  130  months.  In  all,  67  variables  were  collected  for  each  motor. 

The  studies  reported  in  Reference  10  centered  on  the 
propellant-liner-boot  bond  strength  as  a  function  of  motor  age.  Seven  vari¬ 
ables  were  identified  as  having  significant  Influence  on  the  boot  bond 
strength: 


.  Initial  Bond  Tensile  Strength  (DPT),  From  Motor 
Sample  Carton,  psi 

.  Liner  Premix  Moisture  Content,  Weight  X 
.  Delta  Viscosity  Buildup  of  Liner,  Poise 
.  Liner  Accelerated  Cure,  Rex  Hardness 
.  Insulation  Moisture  Content,  Weight  7. 

.  Liner  Swelling  Ratio  Transform  [ 1000/(Se/So) 

.  Motor  Age,  Months 
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The  initial  bond  tensile  strength  data  is  available  from 
motor  carton  samples  which  were  prepared  for  each  motor  only  during  the  first 
three  years  (1965  to  1968)  of  the  Nlnuteman  Wing  VI  Production  Program.  For 
motors  cast  after  1968,  the  Initial  bond  tensile  strength  is  calculated  from 
liner  lot-combination  qualification  data  (Reference  10).  The  excised  sample 
data  has  been  evaluated  to  derive  age- dependent  relationships  for  the  insula¬ 
tion  water  content  and  for  the  liner  swelling  ratio  transform  (see  Appendix  D). 

Visual  motor  inspections  conducted  through  August  1985 
were  evaluated.  Preliminary  findings  indicate  GTR  motors  age-out  at  an  earlier 
age  than  Phillips  motors  on  the  basis  of  nipple-propellant  gap  data  (n  3  31  mo¬ 
tors  from  which  excised  samples  were  removed).  Therefore,  subsequent  analyses 
are  based  on  GT&R  motors. 

Multiple  linear  regression,  using  the  seven  variables 
listed  above,  results  in  an  equation  predicting  nipple-propellant  gap  as  a 
function  of  motor  age.  Incorporation  of  the  relationships  mentioned  above  re¬ 
sults  in  an  approximation  of  motor  age-out  using  manufacturing  variables  only. 
The  resulting  age-out  approximations  can  be  ranked  in  ascending  order  of  time- 
to-age-out  (time  to  a  specified  nipple-propellant  gap). 

An  "alert"  value  of  0.03  in.  nipple-propellant  gap  has 
been  established  by  00-ALC  to  flag  motors  for  further  inspection.  A  motor  age- 
out  rate  was  calculated  on  the  alert  value  and  is  compared  to  the  actual 
age-out  rate  observed  for  GTR  motors.  (The  actual  age-out  rate  is  calculated 
by  the  ratio  of  the  cumulative  number  of  motors  exceeding  the  specified  gap 
value  to  the  cumulative  number  of  motors  inspected.)  The  observed  rate  curve 
lies  to  the  right  of  the  predicted  rate  curve;  this  is  expected  because  the 
failed  motors  are  inspected  after  they  have  passed  the  age  at  which  the  nipple- 
propellant  gap  j us t  equalled  the  specified  value  (see  Figure  40).  See  Appendix 
0  for  the  motor  early  age-out  prediction  methodology. 
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Subsequent  evaluations  of  motor  age-out  rates  will  in¬ 
clude  calculations  at  various  critical  nipple-propellant  gap  values,  will 
incorporate  the  motor  data  acquired  from  58  motor  excised  samples  tested 
between  1976  and  the  present,  and  will  include  evaluation  of  manufacturing 
variables  from  additional  motors. 

3.  Plug  Motor 

a.  Introduction 

The  concept  of  a  plugged  motor  has  been  Included  in  re¬ 
vised  Test  Plan,  ATF-II-SLA-1.  Periodic  sampling  of  full-scale  motors,  stored 
under  carefully  monitored  conditions,  permits  evaluation  of  aging  trends  in  a 
realistic  8 tress/ s train  environment  without  the  complication  of  motor- to-motor 
variability.  Methods  have  been  developed  to  remove  through- the-case  samples 
(plugs  include  case,  insulation,  liner,  and  propellant)  while  retaining  the 
structural  integrity  of  the  motor  for  future  sampling  (SAAS-34). 

The  program  is  designed  to  sample  three  motors  (1976  vin¬ 
tage  original  manufacture,  1984-  and  1986-vintage  remanufacture)  and  evaluate 
them  on  a  continuing  basis  for  comparison  with  motors  (and  remnants  of  motors) 
of  the  same  year  of  manufacture.  Plugs  from  the  forward,  midbarrel,  and  aft 
chamber  areas  of  each  motor  are  supplemented  with  tests  of  excised  samples 
(forward  and  aft),  bore  samples,  and  nondestructive  test  techniques. 

Analog  carton  samples  cast  with  the  same  propellant  and 
liner  batches  used  in  the  1984  motor  (MSEX-2)  have  been  stored  with  the  motor 
and  will  be  tested  in  conjunction  with  the  motor  plugs  at  selected  intervals  to 
provide  a  correlation  between  material  properties  in  the  full-scale  motor  and 
corresponding  properties  of  small-scale  laboratory  samples.  Analog  carton  sam¬ 
ples  representing  Motor  1986A  will  also  be  cast,  stored,  and  tested  as  sched¬ 
uled  in  Figure  41,  thus  providing  additional  motor- to-car ton  data.  Knowledge 
of  these  relationships  will  enhance  the  value  of  the  more  economical  analog 
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b.  Scope/Status 

This  discussion  contains  results  of  testing  conducted  on 
plug  samples  removed  from  the  forward  and  aft  ends  of  Motor  MSEX-2  following 
18  mo  storage.  Samples  have  been  removed  for  the  24-mo  test  interval;  results 
of  testing  conducted  on  two  plugs,  material  from  the  aft  end  and  aft  bore,  and 
a  laboratory  sample  will  be  provided  in  the  next  report. 

Initial  samples  have  been  removed  from  Motor  AA21480,  a 
1976-vintage  original -manufac ture  motor.  This  motor  was  selected  for  use  as  a 
plug  motor  to  evaluate  effects  of  real-time  aging  on  mechanical  propeties  of 
la te-production  materials.  Testing  of  plugs,  excise  and  bore  samples  is  in 
process. 

c.  Mechanical  and  Chemical  Properties 

(1)  Bulk  Propellant 

(a)  Uniaxial  Tensile  Properties 

Bulk  propellant  from  the  forward  and  aft  chamber  areas 
continues  to  harden  (as  expected)  with  6  mo  additional  aging  (18  mo  total). 
Initial  tangent  modulus,  as  measured  at  77°F,  0.74  min-*,  increased  slightly 
at  both  locations  with  corresponding  decreases  in  strain  capability.  Strength 
of  the  propellant  was  not  significantly  affected  by  additional  storage  time. 


Forward  Location 


Aft  Location 
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Data  suggest  that  propellant  in  the  aft  chamber  Is 
slightly  harder  than  material  removed  from  the  forward  chamber.  Differences  in 
properties  due  to  sample  location  will  be  evaluated  following  24-mo  testing. 

(b)  Stress  Relaxation 

Results  of  stress  relaxation  tests  support  trends  noted 
for  uniaxial  tensile  properties.  Testing  was  conducted  at  7?°F  with  2.0%  ap¬ 
plied  st rain. 


(2)  Gradient  from  the  Bondline 
(a)  Uniaxial  Tensile  Properties 


Changes  In  modulus  with  aging  are  of  particular  concern 
at  the  bondllne  of  motor,  where  stresses  are  greatest.  As  a  result,  the  gra¬ 
dients  In  uniaxial  tensile  properties  as  a  function  of  distance  from  the  bond- 
line  Interface  were  measured  In  plug  samples  using  mini-tensile  specimens  (0.1- 
in.  thickness,  1.0-ln.  gage  length).  Results  of  testing  conducted  at  77°F,  1.0 
mln“l  are  plotted  in  Figure  42.  Data  indicate  that  propellant  near  the  bond¬ 
llne  Interface  has  softened  with  6  mo  additional  aging.  Both  propellant 
strength  and  modulus  values  have  decreased  from  0.1  to  0.5  in.  from  the  Inter¬ 
face  In  comparison  with  12-mo  values.  Strain  capability  remains  unchanged. 
Propellant  at  distances  greater  than  0.5  In.  from  the  Interface  continues  to 
harden,  as  previously  noted  for  bulk  propellant  [Section  VI.C.3.C.  (1)]. 
Softening  at  the  bondllne  has  been  identified  In  laboratory  analogs  stored  at 
elevated  temperatures,  and  Is  attributed  to  species  migration  from  the  liner 
and  Insulation.  Data  are  tabulated  in  Appendix  A. 
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Figure  42.  Effect  of  Age  and  Distance  From  the  Bond  line  on  Uniaxial 
Tensile  Properties  of  Samples  From  Motor  MSEX-2 
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(b)  Stress  Relaxation 

Gradients  In  relaxation  moduli  as  functions  of  distance 
from  the  bondline  of  plug  sample.  -?ere  measured  In  tests  conducted  at  77SF  with 
2.0£  applied  strain.  Data  are  included  In  Appendix  A  and  indicate  good  agree¬ 
ment  with  gradients  noted  for  uniaxial  tensile  properties. 

(c)  Chemical  Evaluation  of  Propellant  by  FTIR 

(Transmission  Spectra  of  Chloroform  Extracts) 

Softening  at  the  bondllne  is  supported  by  chemical  tests. 
The  amount  of  extractable  CTPB  increases  slightly  in  the  propellant  layer  adja¬ 
cent  to  the  bondline  interface  (0. 025-in. -deep) ,  which  indicates  a  slight  soft¬ 
ening  at  the  Interface.  FTIR  spectral  data  shows  minimal  changes  in  the  degree 
of  crosslinking  in  the  bulk  propellant  after  18  mo  aging  compared  to  12  mo 
aging.  The  amount  of  extractable  CTPB  is  similar  between  the  two  aging  inter¬ 
vals  at  distances  greater  than  0.2  in.  fro*"  the  interface.  The  CTPB  peaks  in 
the  extracts  are  indicative  of  the  amounts  of  short  chain  polymers  soluble  in 
chloroform.  The  970  WN  peak  ( trans  C*C)  exhibits  the  trend  common  to  all  CTPB 
peaks  when  normalized  to  initial  weights  (see  Figure  43). 

FTIR  spectral  data  shows  diffusion  of  additional  DOP  from 
the  V-45  insulation  into  the  propellant  at  18  mo  aging  compared  to  12  mo  aging. 
The  amount  of  DOP  in  the  propellant  depends  on  the  insulation  thickness  and 
time.  Since  the  insulation  is  thicker  in  the  forward  end  than  the  aft  end,  the 
amount  of  DOP  in  the  propellant  is  greater  in  the  forward  end  than  the  aft 
end . 


The  relative  amount  of  DOP  in  the  propellant  is  measured 
by  the  ratio  of  the  1295  WN  peak  to  the  Initial  weight.  The  changes  in  this 
ratio  with  aging  time  are  shown  in  Figure  44. 
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Data  tables  are  Included  in  Appendix  A.  For  a  full  ex¬ 
planation  of  the  capabilities  of  FTIR,  see  SAAS-34. 

(3)  Propellant-Liner- Insula tion  Bond 

Bond  tensile  and  bond  shear  strength  for  samples  from  Mo¬ 
tor  MSEX-2  were  slightly  improved  with  6  mo  additional  aging.  Strength  of  the 
propellant-llner-insula tion  bond  (ANB-3066/SD-851-2/V-45)  for  plugs  from  the 
forward  and  aft  end  was  determined  using  both  constant  rate  tensile  tests  and 
high  rate  shear  tests.  Tensile  tests  were  conducted  using  mini-sized  specimens 
(1.0  x  1.0  x  0.5  in.)  to  reduce  effects  of  curvature  in  the  samples. 

Previous  experience,  based  on  tests  conducted  on  labora¬ 
tory  samples,  indicates  that  an  initial  increase  in  bond  tensile  strength  is 
expected  due  to  postcure.  This  Increase  is  evident  in  results  of  constant  rate 
tests  for  an  excised  sample  (aged  2.5  mo)  and  plugs  (aged  12  and  18  mo)  in  com¬ 
parison  with  comparable  data  from  a  population  of  12  unaged  motors,  as  shown 
below: 


Source 

Sample 

Type 

"g« 

mo 

Popula  tion 

Excise 

0 

MSEX-2 

Excise 

2.5 

Plugs 

12 

18 

Bond  Strength,  psl*  No.  of 
Mean _ Range _ Specimens 


75.4 

56 

to 

92 

24 

85 

81 

to 

98 

2 

97 

76 

to 

109 

8 

109 

88 

to 

124 

4 

*  Based  on  mini-sized  specimens,  77°F,  1.0  min-* 


Bond  tensile  strength  in  the  aft  chamber  increased  slightly,  strengths  in  for¬ 
ward  barrel  were  unchanged  with  aging. 
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Bond  shear  strength,  measured  at  operational  conditions 
(77°F,  200  in. /min,  600  psig  superimposed  pressure),  are  approximately  equiv¬ 
alent  In  the  forward  and  aft  areas  (219  and  224  psi,  respectively).  Values 
have  increased  slightly  during  the  12-  to  18-mo  test  interval. 

On  the  basis  of  results  from  previous  programs,  no  sig¬ 
nificant  decrease  in  high  rate  shear  stress  is  expected  with  respect  to  storage 
time  (Reference  8). 


The  predominant  mode  of  specimen  failure  continues  to  be 
either  (a)  within  the  liner,  or  (b)  between  the  propellant  and  liner. 

(4)  SD-851-2  Liner 

Chemical  test  results  from  gel-filler  fraction  show  no 
change  with  age  in  the  liner  from  the  forward  barrel;  an  increase  with  age  is 
shown  in  the  liner  from  the  aft  barrel.  These  data  are  consistent  with  results 
noted  for  bond  tensile  strengths  in  which  tensile  strength  increased  in  the  aft 
chamber.  A  high  gel-filler  fraction  indicates  a  greater  degree  of  crosslink- 
lng,  as  expected  in  a  more  strongly  bonded  area. 

Chemical  testing  of  SD-851-2  liner  consists  of  swelling 
ratio  and  gel-filler  fraction.  Data  are  presented  in  Appendix  A.  The  swelling 
ratio  values  obtained  are  highly  variable,  resulting  from  pre-stressing  which 
occurs  during  removal  of  the  thin  liners  (<0.03  in.)  from  the  V-45  insulation. 
The  pre-stressing  of  liners  appears  to  have  little  effect  on  gel-filler  frac¬ 
tion.  The  gel-filler  fraction  values  reported  are  corrected  for  variations  in 
liner  thickness.  Discussion  of  the  correlation  of  liner  thickness  and  gel- 
filler  fraction  is  presented  in  Appendix  A  of  SAAS  34. 
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(5)  V-45  Insulation 

Response  properties  of  V-45  Insulation  from  plugs  were 
evaluated  by  stress  relaxation  tests  conducted  at  77#F  with  2.0%  applied 
strain.  Relaxation  modulus  of  material  from  the  forward  chamber  decreased 
slightly;  values  for  insulation  from  the  aft  area  are  considerably  lower  than 
expected. 


Property 
Eri,  psi* 


Age,  Plug  Location 

mo  Forward  Aft 

12  1,285  1,312 

18  1,259  826 


*  Relaxation  modulus  at  one  minute. 

Possible  causes  for  this  decrease  in  Er^  will  be 
evaluated  when  additional  data  become  available. 

Results  for  chemical  testing  are  similar  for  insulation 
from  the  forward  and  aft  chambers  of  the  motor.  The  anomaly  observed  in  the 
mechanical  properties  of  the  aft  area  insulation  is  not  observed  in  the 
chemical  properties. 


Chemical  properties  reflect  no  change  with  an  additional 
6  mo  aging,  with  the  exception  of  insulation  density.  Density  of  the  insula¬ 
tion  from  both  motor  locations  increases;  yet  values  remain  within  the  range  of 
data  observed  for  insulation  from  a  population  of  analog  cartons,  aged  12  mo  at 
ambient  (n  »  11).  The  apparent  increase  in  DOP  concentration  with  additional 
aging  is  due  to  differences  in  specimen  preparation  from  12  to  18-mo  intervals. 
Tests  procedures  were  modified  to  account  for  differences  in  insulation  thick¬ 
ness.  Effect  of  differences  in  preparation  techniques  are  being  evaluated. 
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Chemical  testing  of  V-45  insulation  consists  of  swelling 
ratio,  gel-filler  fraction,  %  DOP,  7.  moisture,  density,  and  Shore  A  measure¬ 
ments.  Data  are  presented  in  Appendix  A. 

4.  Dissect  Motor  AA22050 


a.  Introduction 

This  section  summarizes  results  of  work  performed  to  date 
on  dissected  Motor  AA22050,  a  1980-vintage  remanufactured  (weathersealed)  mo¬ 
tor.  Of  particular  concern  for  a  weathersealed  motor  are  changes  at  the  bore 
surface  and  bond  areas  which  may  result  from  weathersealing.  Results  for  these 
areas  are  introduced;  a  complete  report  will  be  issued  when  analysis  of  data  is 
comple  te. 


Dissection  of  full-scale  motors  provides  information  con¬ 
cerning  aging  behavior  of  production  materials  from  motors  stored  under  actual 
environmental  and  structural  loading  conditions.  Four  remanufactured  motors, 
ranging  in  age  from  4  to  9  years,  will  be  dissected  over  an  Ll-year  period. 
Subsequent  tests  of  motor  remnants  will  provide  additional  Information  regard¬ 
ing  motor  aging  as  well  as  a  direct  comparison  of  motors  from  various  years  of 
manufacture. 


(b)  Motor  Background 

Motor  AA22050  (ASPC  Rl-050)  was  cast  21  April  1980  from 
Lot  Combination  75D,  propellant  Batches  M4958,  59,  and  60.  The  motor  was  core- 
stripped  3  May  1980  and  shipped  to  00-ALC  in  July  1980.  It  has  been  stored  at 
Whiteman  Air  Force  Base,  Missouri  (Silo  4C09,  Missile  668293)  for  the  period 
from  22  October  1980  to  15  October  1984.  The  motor  was  then  recycled  to 


Page  199 


Report  0162-06-SAAS-35 


VI. C.  Special  Topics  (Cont) 

Hill  Air  Force  Base  for  dissection  and  subsequent  shipment  to  ASPC.  Segments, 
received  at  ASPC  In  April  1985,  were  tested  during  August  1985.  The  samples 
were  aged  for  64  mo  at  time  of  test. 

c.  Scope/Status 

Mechanical  properties  testing  Is  complete  for  propellant- 
liner-insulation  samples  from  the  forward  bore  (Area  A),  forward  and  aft  Y- 
lolnts  (Areas  C  and  F) ,  and  forward  and  aft  boots.  A  sectioning  diagram  for 
the  motor  Is  provided  In  Figure  45.  Chemical  testing  of  the  booted  areas  was 
excluded  from  the  revised  test  plan  (in  error).  Testing  Is  In  process. 

Remnants  of  Motor  AA22050  will  be  carefully  wrapped  to 
maintain  effects  of  the  weatherseal.  Testing  of  remnants  Is  scheduled  to  begin 
in  1988  in  accordance  with  the  current  test  plan. 

d.  Summary  of  Results  (Preliminary) 

(1)  Bulk  Propellant 

Uniaxial  tensile  properties  of  bulk  propellant  were  mea¬ 
sured  at  various  locations  within  the  motor.  Results  indicate  close  agreement 
In  properties  among  locations  tested. 


Location 
Forward  Bore 
Forward  Y-)olnt 
Aft  Y-Joint 

♦Tested  at  77°F,  0.74  min"1,  hoop  orientation 
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Sectioning  and  Sampling  Area  Diagram,  Dissection  Motors 
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Strength  and  modulus  values  are  typical  of  bulk  propel¬ 
lant  removed  from  aged  motors  (Phillips  CTPli).  Strain  capability  is  below 
average  compared  to  data  for  comparably  aged  motors.  Data  will  be  evaluated 
with  respect  to  Initial  properties  at  time  of  cast  (batch  qualification  data) 
and  limited  data  from  laboratory  samples  cast  from  Lot  Combination  75. 

(2)  Gradient  from  the  Bore 

Gradients  In  uniaxial  tensile  properties  as  a  function  of 
distance  from  the  bore  were  evaluated  at  77°F,  1.0  mln“^  for  propellant  from 
the  forward  bore.  Data  indicate  the  presence  of  a  hardened  layer  to  0.2  from 
the  surface  (Figure  46).  Strain  capability  at  the  surface  is  approximately 
half  of  that  at  2.0  in.  from  the  surface. 

(3)  Propellant-Llner-Insulatlon  Bond 

Bond  tensile  strength  was  measured  at  various  locations 
in  the  motor  to  evaluate  eff'-  ..s  of  aging  on  bond  capability.  Data  Indicate 
reduced  bond  tensile  strength  in  the  forward  and  aft  boot  areas  of  the  motor  In 
comparison  with  the  chamber  area  (Figure  47).  Based  on  a  comparison  of  data 
from  a  non-weathersealed  motor  of  appoxlmately  the  same  age  (Motor  AA20846,  57 
mo),  bond  strengths  In  the  forward  boot  may  be  Improved  by  the  presence  of  the 
weatherseal.  No  difference  In  strength  Is  evident  in  the  aft  boot  area. 

An  additional  bond  strength  gradient  at  a  different  angu¬ 
lar  location  will  he  performed  to  confirm  test  results.  In  addition,  results 
of  chemical  tests  currently  In  process  will  confirm  the  degree  of  liner  degra¬ 
dation  In  the  areas  of  reduced  bond  strength.  Data  will  be  evaluated  with  re¬ 
gard  to  processing  methods  for  the  Insulation:  the  possible  presence  of  mois¬ 
ture  In  the  boots  at  time  of  cast  could  result  In  hydrolytic  degradation  of  the 
liner  and  subsequent  reduction  In  bond  strength. 
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Effect  of  Distance  from  Bore  on  Uniaxial  Tensile  Properties  of 
ANB-3066  Propellant  Removed  from  Motor  AA22050,  Sheet  1  of  2 


DISTANCE  FROM  DORE 
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Vt.C.  Special  Topics  (Cont) 

5.  Igniter  Performance  Verification  (VECP  B-177) 

a.  Introduction 

This  section  describes  mechanical  and  chemical  testing  of 
igniter  propellant  performed  to  date  as  part  of  the  Igniter  Re-Use  program 
[Value  Engineering  Change  Proposal  (VECP)  B-177].  This  program  was  initiated 
in  1985  to  demonstrate  acceptable  aging  characteristics  of  field-returned 
Mlnuteman  III  Stage  II  igniters  in  support  of  re-use  in  remanufactured  motors 
(requiring  a  total  service  life  of  34  years). 

The  Igniter  is  displacement  cast  with  ANB-3066  propellant 
bonded  to  an  FM-47  primer-coated  steel  chamber. 

b.  Scope 

Three  Mlnuteman  III  Stage  II  igniters  were  dissected  to 
assess  the  ability  of  aged  ANB-3066  propellant  in  a  sealed  environment  to  with¬ 
stand  additional  storage  of  up  to  17  years  (total  of  up  to  34  years).  Igniters 
from  Lots  21  and  41  were  aged  233  and  221  mo,  respectively,  before  dissection. 
Although  ANB-3066  propellant  Is  well-characterized  using  both  laboratory  and 
motor  samples,*  an  unaged  igniter  (Lot  127,  aged  2  mo)  was  dissected  to 
determine  effect  of  igniter  configuration  on  initial  properties  of  the 
propellant. 


Propellant  evaluation  included: 

•  Visual  inspection  during  disassembly 

•  Surface  examination  using  SEM 

•  Uniaxial  tensile  properties  and  hardness  profiles  at 
various  locations 


♦Same  propellant  used  in  Stage  II  and  St'ce  III  motors 
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VI. C.  Specie!  Topics  (Coot) 

•  Chemical  tests  (gel-filler  fraction,  swelling  ratio) 

•  Fourier  Transform  Infrared  Spectroscopy 

•  Moisture  and  gas  concentrations  of  gas  samples 
removed  from  the  bore. 

Where  possible,  tests  were  performed  using  specimens  and 
procedures  used  In  previous  programs  for  a  direct  comparison  with  the  database. 
The  test  plan  Is  provided  In  Figure  48.  Description  of  specimen  locations  Is 
shown  in  Figure  49. 


c.  Summary  of  Test  Results 

Results  of  mechanical  and  chemical  tests  completed  to 
date  are  summarized  below.  A  final  report  will  be  Issued  following  completion 
of  Initial  testing. 


Visual  Inspection  -  No  age-induced  anomalies  were  iden¬ 
tified  for  dissected  Igniters.  Igniters  were  Inspected  for  cracks,  waves  or 
slump  on  the  propellant  surface,  evidence  of  bond  separation  or  degradation 
between  the  Igniter  chamber  and  propellant,  and  flaws  in  metal  components. 

Scanning  Electron  Microscope  -  Propellant  surfaces  were 
free  of  recrystallized  ammonium  perchlorate  (AP  recrystallization  is  an  indi¬ 
cator  of  moisture).  This  Information  is  also  used  to  predict  Ignition  delay. 

Uniaxial  Tensile  Properties  -  Results  for  aged  igniters 
Indicate  little  change  In  properties  with  up  to  18  years  real-time  aging  (Fig¬ 
ure  50).  Initial  tangent  modulus  for  unaged  propellant  ranges  from  300  to  600 
psl  (target  Is  450  psl).  Modulus  ranges  from  601  to  687  for  Igniter  2026509 
(Lot  21,  aged  233  mo)  and  from  485  to  703  for  igniter  2027006  (Lot  41,  aged  221 
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VI. C.  Specie!  Topics  (Cont) 

Lot  41  has  been  Identified  as  a  propellant  batch  formu¬ 
lated  with  Phillips  CTPB;  CTPB  vendor  for  Lot  21  Is  unknown.  Properties  for 
both  aged  Igniters  appear  typical  of  aged  GTR  propellant:  surface  hardening 
associated  with  aged  Phillips  propellants  In  motors  is  not  apparent  In  Igniter 
2027006  (Lot  41).  This  may  be  related  to  sealing  the  Igniter  following 
assembly. 


In  general,  propellant  In  the  bulk  of  the  web  Is  slightly 
harder  than  that  measured  In  the  fin.  Propellant  In  the  slot  surface  tends  to 
be  softest  (lowest  strength  and  modulus,  highest  strain  capability). 

The  unaged  Igniter  (SN  7061355,  Lot  127)  was  cast  with 
propellant  formulated  with  Phillips  CTPB.  Data  Indicate  significant  propellant 
hardening  following  2  mo.  aging.  Properties  of  the  propellant  batch  cast  into 
the  Igniter  (Lot  Combo  88D,  Batch  M5007)  were  acceptable  at  time  of  cast,  based 
on  qualification  data  from  laboratory  samples.  This  problem  will  be  investi¬ 
gated  independently  of  the  Igniter  re-use  effort.  Data  for  this  Igniter  will 
not  be  considered  part  of  the  aging  database. 

Shore  A  Hardness  -  Measurements  are  consistent  with  re¬ 
sults  of  uniaxial  tensile  tests  (Figure  50). 

Chemical  Tests  -  Results  from  chemical  tests  are  In 
agreement  with  mechanical  test  results  (Figure  51). 

Gel-filler  fraction  values  are  higher  for  the  unaged  ig¬ 
niter  than  the  aged  Igniters.  A  higher  value  Is  indicative  of  harder  propel¬ 
lant.  Gel-filler  fraction  also  reflects  the  variation  In  propellant  hardness 
seen  with  respect  to  location;  values  are  slightly  higher  for  propellant  from 
the  bulk  of  the  web  compared  to  the  values  from  the  fin  and  slot  surface  in  the 
three  igniters. 
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Figure  51.  Chemical  Properties  of  Propellant  From  Igniters 
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VI. C.  Special  Topics  (Cont) 

FTIR  analysis  of  the  propellant  extracts  concurs  with  the 
previous  results:  the  differences  in  the  amount  of  extractable  CTPB  reflects 
the  differences  in  the  hardness  of  the  propellant  (Figure  51). 

Gas  Chromatography  -  Moisture  and  gas  concentrations  of 
samples  removed  from  the  bore  are  typical  of  ambient  air. 

Comparison  with  Previous  Data 

Properties  for  both  aged  igniters  are  in  close  agreement 
with  data  for  an  aged  GTR  igniter  dissected  in  1980  (approximately  17  years  old 
at  time  of  dissection).  Shore  A  measurements  are  consistent  with  values  for 
propellant  removed  from  eight  igniters  tested  prior  to  1973.  Data  are  compared 
with  results  of  previous  testing  in  Figure  52. 


I 


I 


SHORE  A  HARDNESS 


Figure  52.  Summary  of  Test  Results  Motors  AA21049  vs  AA21321 
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VIT.  TECHNICAL  DISCUSSION  OF  COMPONENTS 

A.  MOTOR  POSTFIRE  INSPECTION  (TP-A52) 

The  first  static  firing  of  an  operational  remanufactured  motor  is 
scheduled  for  FY  1986.  No  motors  were  fired  during  this  report  period. 

B.  IGNITER  FIRINGS 

1.  VECP  Igniter  Firings  (VECP  B-177)* 

To  enable  reuse  of  Igniters  on  remanufactured  motors,  VECP 
B-177  was  Implemented  to  verify  a  motor  igniter  service  life  of  34  years. 
Nineteen  igniters  from  motors  returned  to  ASPC  for  remanufacture  were  fired  to 
support  VECP  B-177  in  August  and  September  1985.  All  firing  parameters  were 
within  respective  lot  acceptance  ranges  except  for  igniter  delay.  No 
observable  aging  trends  were  noted. 

Eight  of  the  nineteen  igniters  fired  had  igniter  delays  which 
were  high  compared  to  respective  lot  acceptance  delays.  Ten  of  the  nineteen 
had  delays  outside  lot  acceptance  3-sigma  limits.  Figure  53  compares  VECP 
Igniter  delays  to  lot  acceptance  limits. 


•This  report  is  preliminary.  A  final  presentation  of  analysis  will  be  reported 
in  SAAS  36.  Propellant  evaluation  of  VECP  igniters  is  presented  in  Section  VI 
of  this  report. 
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Figure  53.  Igniter  Delays  Lot  Acceptance  and  VECP  Data 

The  high  Igniter  delays  were  a  result  of  either  aging,  test 
set-up.  Igniter  contamination,  normal  Igniter  variability,  or  some  combination 
of  these. 


Figure  54  shows  Ignition  delay  values  from  PQA  and  OP  motor 
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VII. B.  Igniter  Firings  (Cont) 
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Figure  54.  Ignition  Delay  vs  Age  -  Igniters  Fired  on  PQA  and  OP  Motors 


PQA  motor  Igniters  are  essentially  unaged  while  OP  motors 
offer  a  wide  age  range  of  Igniter  data.  This  plot  does  not  address  Igniter 
lot-to-lot  variability  but  shows  that  igniter  delay  values  from  PQA  and  OP 
motor  Igniters  are  not  significantly  different.  Also,  scatter  of  unaged  PQA 
delays  and  of  aged  OP  delays  is  similar.  This  suggests  that  the  effect  of 
Igniter  age  on  Igniter  delay  Is  negligible.  Figure  54  shows  the  result  of 
adding  VECP  data  to  Figure  55. 
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VII. B.  Igniter  Firings  (Cont) 
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Figure  55.  Ignition  Delay  vs.  Age  -  Igniters  Fired  on  PQA  and  OP  Motors, 
and  for  VECP 


Ten  of  the  nineteen  VECP  igniters  are  part  of  the  PQA-OP 
population  while  the  other  nine  are  above  this  population.  Since  all  VECP 
igniters  are  approxima  tely  the  same  age,  these  two  different  VECP  delay 
populations  Infer  that  the  high  delays  were  most  likely  not  a  consequence  of 


Igniter  age. 


F  i 


Figure  56  shows  lot  acceptance  igniter  delays  versus  lot. 
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VII. B.  Igniter  Firings  (Cont) 
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Figure  56.  Ignition  Delay  vs  Lot  LAT  Igniters 


Note  that  delays  of  pre  Lot  30  lot  acceptance  igniters  are 
significantly  lower  than  delays  of  post  Lot  30.  This  suggests  that  igniters 
from  Lot  30  and  greater  are  slower  to  initiate  and  should  be  analyzed  seper- 
ately  from  pre  Lot  30  igniters.  Figure  56  also  shows  high  variability  between 
lots.  Because  of  high  lot-to-lot  variability,  data  was  normalized  by  subtrac¬ 
ting  average  lot  acceptance  igniter  delay  times  from  delay  of  each  test.  This 
was  done  for  each  test  type  (PQA,  OP,  VECP).  PQA  igniters  tend  to  have  delays 
1.3  msec  greater  than  lot  acceptance  firings.  OP  Igniters  tend  to  have  delays 
2.1  msec  greater  than  lot  acceptance  firings.  Pre  Lot  30  VECP  igniters  have 
delays  3.6  msec  greater  than  lot  acceptance  firings,  and  post  Lot  30  VECP  ig¬ 
niters  have  delays  8.1  msec  greater  than  lot  acceptance  values.  As  a  result, 
it  is  difficult  to  compare  igniter  delays  from  field  motors  directly  to  lot 
acceptance  delays. 
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VII. B.  Igniter  Firings  (Cont) 


Firing  Fixture 

SQUIB  Type 

Configuration 

VECP  Firings 

One  Holex  5600 

Firing  Adapter 
(Figure  58) 

All  Previous 

Two  ES-003 

KR80000  or  firing 

f lrings 

Train  test  fixture  (FTTF) 
(Figure  59) 

The  Holex  5600  squib  is  known  to  have  a  higher  output  than  the 
ES-003  squib,  but  the  amount  of  difference  is  unknown.  Note  that  only  one 
squib  was  used  for  VECP  firings.  The  age  and  history  of  the  Holex  5600  squibs 
used  for  the  VECP  are  also  unknown.  Figure  58  shows  the  firing  adapters  used 
to  fire  VECP  Igniters.  Figure  59  shows  the  squib  arrangement  used  in  both 
KR80000  safe  and  arm  and  FTTFs. 

When  Figures  58  and  59  are  compared,  flame  path  is  signifi¬ 
cantly  longer  for  the  VECP  firing  adapter  than  the  actual  field  Igniter  squib 
arrangement.  The  firing  adapters  were  used  for  the  VECP  firings  to  conserve 
KR80000  and  FTTF  squib  assets. 

Igniter  contamination  is  also  a  possible  cause  of  igniter  de¬ 
lay  since  the  igniters  tested  were  stored  unsealed*  (except  Lot  16).  This  pos- 
sibllty  is  unlikely  because  only  lots  greater  than  30  tended  to  have  high 
delays  and  all  igniters  were  unsealed.  Igniters  fired  from  Lot  16  were  from 
the  aging  and  surveillance  inventory  and  were  sealed  with  firing  train  test 
fixtures  that  were  installed  before  aging. 


*  Unsealed  igniters  had  no  environmental  sealing  device  installed  on  the  ig¬ 
niter  when  its  safe  and  arm  device  was  removed  upon  motor  return  to  ASPC. 
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VII. B. 

Igniter  Firings 

(Cont) 

To  verify  the  cause 

of  high  VECP  delay 

times,  six  more 

igni  ters 

are  scheduled 

for  firing.  The  firing  plan  is  i 

3hown  below. 

Firing 

Igniter 

Storage 

Squib 

Test  Fixture 

Number 

Lot 

Environment 

Configuration 

Configuration 

1 

54 

Unsealed 

Two  HOLEX  5600 

Original  Fixture 

2 

54 

Unsealed 

Two  HOLEX  5600 

Original  Fixture 

3 

54 

Unsealed 

Two  ES-003 

Modified  Fixture 

4 

54 

Unsealed 

Two  ES-003 

Modified  Fixture 

5 

54 

Sealed 

Two  HOLEX  5600 

Original  Fixture 

6 

54 

Sealed 

Two  HOLEX  5600 

Original  Fixture 

Lot  54  Igniters  were  chosen  since  both  Lot  54  Igniters  pre¬ 
viously  fired  for  the  VECP  had  high  igniter  delay  times.  Lot  54  was  also 
chosen  since  sealed  and  unsealed  Igniters  are  available  from  this  lot.  Igni¬ 
ters  from  a  single  lot  were  chosen  to  eliminate  the  possiblity  of  lot-to-lot 
varlabili ty. 


Four  igniters  will  be  tested  with  the  same  test  fixture  used 
on  the  original  19  VECP  Igniters  except  two  HOLEX  5600  squibs  will  be  used  in¬ 
stead  of  one.  Two  of  the  four  will  be  sealed  Igniters  and  two  will  be  un¬ 
sealed.  Two  additional  igniters  will  be  tested  with  a  modified  test  fixture. 
The  modified  fixture  will  duplicate  safe  and  arm  and  FTTF  configuration,  and 
will  use  two  ES-003  squibs. 

2.  Aging  and  Surveillance  Igniter  Firings  (TP-A53) 

Two  aging  and  surveillance  igniters  were  scheduled  for  test 
this  report  period,  but  testing  was  delayed  until  complete  evaluation  of  VECP 
B-177  firing  data  could  be  done.  These  two  Igniters  will  be  fired  during  the 
next  report  period,  and  results  will  be  reported  in  SAAS-36. 
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VII  Technical  Discussion  of  Components  (Cont) 

C.  NOZZLE  (TP-A54) 

Nozzle  SN  2168064  was  visually  inspected  and  pressure  tested  Feb¬ 
ruary,  1985.  The  SN  2168064  nozzle  was  the  first  to  form  a  new  aging  database 
for  nozzles  returning  to  the  field  after  motor  remanufacture.  The  new  database 
will  Include  proof  pressure,  impact  pressure,  and  leak  testing.  Each  of  these 
Is  a  pass/fail  criteria,  so  testing  will  give  qualitative  results  only. 

D.  TVC  AND  RC  GAS  GENERATORS 


Four  TVC  and  three  RC  gas  Generators  were  fired  since  the  last 
report  period.  One  of  the  four  TVC  and  one  of  the  three  RC  generators  were 
fired  for  lot  requallf icatlon.  No  anomalies  were  found  during  prefire  X-ray, 
and  firing  results  were  within  specification  for  all  seven  generators.  A 
firing  result  summary  Is  shown  below. 


TIHE 


cc 

AC  INC 

GC 

IGNITION 

IGNITION 

BURN 

TO 

SERIAL 

AGE 

TEMP 

TEST 

DELAY 

TIME 

DURATION 

MEOP 

MEOP 

type 

NO 

BLEND 

MO 

F 

TYPE 

VIBRATION 

SEC 

SEC 

SEC 

PSIA 

SEC 

COMMENTS 

BAA 

00010  J9. 

0373. 

236.00 

080.00 

AC1NC 

NONE 

0.0314 

0.1365 

097.96 

2054.00 

0.2795 

IN  SPEC 

BAA 

000 10  73. 

0374. 

235.00 

080.00 

AGING 

NONE 

0.0500 

0.1523 

092.00 

224J.OO 

0. 2940 

IN  SPEC 

RAA 

000  3068. 

0413. 

217.00 

080.00 

AGING 

NONE 

0.0250 

0.1270 

990.84 

2198.00 

0.2940 

LOT  REQUAL 

CAA 

0001084. 

0368. 

236.00 

080.00 

AGING 

NONE 

0.0088 

0.1500 

077.34 

0769.90 

0.1560 

IN  SPEC 

CAA 

0001102. 

0368. 

236.00 

080.00 

AGING 

PFIRE 

0.0069 

0.0769 

078.67 

0856.00 

0.1530 

IN  SPEC 

CAA 

0001079. 

0368. 

236.50 

080.00 

AC  INC 

NONE 

0.0078 

0. 1932. 

077.75 

084 1 . 70 

0. 1635 

TN  SPEC 

TAA 

0003042. 

0408. 

219  00 

080 . 00 

AGING 

NONE 

0.0102 

0. 1161 

078.01 

1074.00 

0.0000 

LOT  REQUAI 

A  list  of  generator  firing  results  of  the  five  blends  tested  this 
report  period  is  shown  in  Appendix  C,  Pages  1  and  2. 
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VII. D.  TVC  and  RO.  Gas  Generators  (Cont) 
I.  Generator  Firings 


Ballistic  performance  was  normal  for  all  gas  generators  fired 
except  for  TVC  generator  TAA  3042  which  was  fired  for  blend  408  requalifica- 
tlon.  Its  MEOP  Is  outside  the  upper  3-sigma  limit  of  original  lot  acceptance 
data.  The  high  MEOP  resulted  from  a  pressure  spike  at  ignition  but  the  MEOP 
was  within  specification.  The  cause  of  the  spike  could  not  be  determined. 
Since  MEOP  was  only  14  psl  outside  the  3-slgma  limit  and  all  other  parameters 
were  within  limits,  TAA  3042  was  considered  successful  for  Blend  408 
requallficatlon.  Ballistics  of  TAA  3042  ara  shown  below. 


Ignition 

Igni tion 

Burn 

Delay, 

Time, 

Duration, 

MEOP, 

sec 

sec 

sec 

psia 

Specification 

Limit  0.150  Max 

(SPC  71079) 

0.500  Max 

74.8  Min 

1200  Max 

TAA  3042  0.0102 

0.116 

78.0 

1074 

Upper  LAT 

3-Sigma  Limit  0.0275 

0. 159 

76.7 

1060 

Postfire  dissection 

of  generator 

CAA  1102  showed  the  generator 

in  normal  postfire  condition.  Insulation  was  Intact,  and  the 

sure  port  appeared  satisfactory. 

igniter  and  pres- 

2.  Analysis 


Data  from  the  seven  firings  during  this  report  period  were 
add- 1  to  the  generator  aging  database  and  analyzed.  Linear  regression  analysis 
of  generators  by  blend  is  summarized  in  the  following  table. 
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VII.D.  TVC  and  RC  Gas  Generators  (Cont) 


RC  Blend  373 


Ignition 
Dela 


Ignition 

Time 


Duration 


Regression 

Significant 

Yes 

Yes 

No 

No 

Regression 

1.04e-4*X 

1.69e-4*X 

Equation 

+0.03 

+0.02 

Corre lation 
Rsq. 

35% 

14% 

- 

- 

Extrapolation 
to  34  Years 

0.07 

0.192 

- 

- 

RC  Blend  374 

Regression 

Significant 

Yes 

Yes 

No 

Yes 

Regression 

1.65e-4*X 

1.66e-4*X 

0.44*X 

Equation 

+0.02 

+0.13 

- 

+2022.9 

Correlation 

Rsq. 

52% 

44% 

- 

20% 

Extrapolation 
to  34  Years 

0.09 

0.20 

- 

2203 

TVC  Blend  368 

Regression 

Significant 

No 

No 

No 

No 

Regression  equations 

are  significant  for  ignition  delay  and 

ignition  time  of 

RC 

Blends  373  and  374,  and  for  MEOP  of  RC  Blend  374. 

In  cases 

where  the  regression 

is 

significant, 

correlation 

is  marginal.  In  all  < 

cases , 

regression  slope 

i8 

small  enough  not 

to  endanger 

34-year  service  life. 

Plots 

and  regression  analysis 

are  presented 

in  Appendix  C,  Figures  3  through 

14. 
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VII. D.  TVC  and  RC  Gas  Generators  (Cont) 

Linear  Regression  analysis  was  not  done  for  TAA  3042  or  RAA 
3068  since  data  from  1985  are  the  only  aging  data  points  available  from  these 
blends. 


3.  Random  Vibration  (CAA  1102) 


Random  vibration  of  CAA  1102  was  done  6  May 
a  tor  was  subjected  to  a  sine  sweep  survey  of  20  to  300  Hertz 
level  of  +1  g.  Sweep  rate  was  one  octave  per  minute.  Next, 
subjected  to  the  following  input  for  random  vibrations: 


1985.  The  gener- 
with  an  input 
the  generator  was 


Input  level,  gm  Overall  Duration,  sec 


2.70 

(-12db) 

25 

3.82 

( -9db) 

12 

5.29 

(-6db) 

12 

7.56 

( -3db) 

42 

10.62 

(  Odb) 

120 

Post  vibration  inspection  and  X-ray  indicate  no  change  in  the 
condition  of  the  generator.  Results  are  included  in  Appendix  C,  Figures  15 
through  21:  CAA  1102  was  fired  successfully  on  31  May  1985. 

E.  LIT VC  PERMEATION  (TP-A59) 

Bladder  permeation  testing  of  toroidal  tank  assemblies  T-159  and 
T-210  began  in  April  1985.  Freon  permeation  through  the  bladders  is  slightly 
slower  than  in  previous  tests,  but  trends  are  similar.  Both  tank  T-159  and 
T-210  were  rebuilt  with  Uniroyal  bladders  with  DIAK-2  curative.*  Tank  T-159 
contains  80%  Montedison  Freon  and  20%  distilled  Freon.  Tank  T-210  contains 
100%  distilled  Freon.  Figure  60  shows  1985  results  along  with  1981  through 
1983  results. 


*Previous  tanks  were  fitted  with  Arrowhead  bladders  which  used  DIAK  3  curative 
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VII. E.  LITVC  Permeation  (TP-A59)  (Cont) 
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Figure  60.  Bladder  Permeation  vs  Age 

Leak  testing  of  contingency  tanks  T-200,  T-213,  and  T-215  was 
done  7  May  1985.  All  three  tanks  had  Freon  leakage  at  the  fl»xatallic  gaskets 
and  at  the  flll/draln  port.  Tank  weighing  shows  that  the  rate  of  Freon  loss  is 
low  enough  for  leakage  to  be  considered  harmless  to  system  performance.  Figure 
61  shows  a  plot  of  tank  weight  versus  age  for  tanks  T-200,  T-213,  and  T-215. 
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VII. E.  LITVC  Permeation  (TP-A59)  (Cont)  ki‘ 
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Figure  61.  Contingency  Tank  Freon  Leakage  vs  Time 
F.  TVC  TANK  AND  COMPONENTS  (TP-A59) 

I  <e  results  of  1985  cold  flow  gas  expluslon  testing  showed  that 
the  aging  trend  of  burst  diaphragms  burst  pressure  is  not  statistically 
significant.  LITVC  system  AAB-0535  was  tested  14  May  1985,  and  LITVC  system 
AAB-0469  was  tested  10  June  1985.  System  AAB-0535  contained  a  228-mo-old  U.S, 
Rubber  bladder  and  system  AAB-0469  contained  a  230-mo-old  Arrowhead  bladder. 


The  pressure/ time  curves  recorded  for  both  systems  show  noise  In 
the  test  system.  Because  of  this  noise,  system  AAB-0469  had  two  burst  discs 
which  appeared  to  he  out  of  specification.  Both  systems  had  high  burst  pres¬ 
sure  variability.  Burst  pressures  were  subject  to  the  pressure  trace  showing 
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VII. F.  TVC  Tank  and  Components  (TP-A59)  (Cont) 

a  peak,  valley,  or  something  in  between,  at  the  time  of  disc  failure.  The 
superimposed  pressure  transient  has  greater  significance  than  the  actual  burst 
pressure  trace.  Figure  62  shows  the  original  trace  and  first  and  second  level 
smoothed  pressure  traces. 


Figure  62.  Original  Trace  and  Superimposed  Pressure  Transients 
for  System  ABB-0535 

1.  System  ABB-0535 

The  pressure-time  trace  of  AAB-0535  shows  noise  composed  of 
two  superimposed  frequencies  of  250  and  50  cycles  per  sec.  Since  these 
frequencies  are  low  enough  to  be  mechanical,  50  cps  noise  is  probably  due  to 
pressure  surges  in  the  Freon,  and  250  cps  noise  is  probably  due  to  mechanical 
ringing  of  the  pressure  transducer  or  ringing  of  the  toroidal  tank.  Second 
level  curve  smoothing  was  required  to  bring  system  ABB-0535  within  specifica¬ 
tion.  Figure  63  shows  progressive  elimination  of  system  noise  by  curve 
smoothing. 
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VII. F.  TVC  Tank  and  Components  (TP-A59)  (Cont) 

2 .  System  AAB-0469 

To  reduce  test  system  noise,  system  AAB-0469  was  tested  at  650 
psi  per  sec  cold  gas  flow  rate  Instead  of  700  psi  per  sec.  This  lower  flow 
rate  was  obtained  by  inserting  an  orifice  in  the  cold  gas  supply  line.  The  re¬ 
sult  was  a  reduction  of  the  50  cps  noise  and  an  amplitude  decrease  of  the  250 
cps  noise.  No  curve  smoothing  was  required  for  system  AAB-0469  to  meet  speci¬ 
fication  (Figure  64).  The  disadvantage  of  decreasing  flow  rate  is  that  one 
burst  disc  did  not  burst  until  0.6  sec  after  the  other  three  discs  had  burst. 
This  lag  is  not  representative  of  how  an  operational  system  would  behave  with  a 
650  psi  per  sec  flow  rate,  but  is  a  consequence  of  test  design.  The  time  lag 
was  not  considered  during  system  analysis  since  it  is  not  detrimental  to 
performance.  Burst  pressure  of  the  lagging  disc  was  within  specification. 


30X-I 


Toroidal 
Tank  Pressura 
(psig) 


-  lot— ♦ 


NOTE:  Curve  Smoothing 
is  not  required. 
Disc-3  Burst  6  Sec 
after  Discs  1,  2,  &  t 


Original  Oscillograph  Trace 


Figure  64.  Pressure  Trace  of  System  ABB-0469 

Data  from  previous  cold  gas  flow  testing  and  previous  burst 
disc  testing  was  used  for  analysis  of  burst  pressure  aging  trends.  Statistical 
analysis  of  all  available  data  shows  that  the  effect  of  age  on  burst  pressure 
doe3  not  jeopardize  TVC  service  life.  Result  summary  is  shown  in  the  following 
table.  (See  Appendix  C,  Figures  C-22  and  C-23,  for  analysis  and  data  used  for 
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I.F.  TVC  Tank  and  Components  (TP-A59)  (Cont) 


1985  COLD  GAS  FLOW  RESULT  SUMMARY 


Svst  SN  Tank  SN 


Burst 

Age,  Disc,  Burst  Pressure,  pslg,  Smoothed  Bladder 

mo  Mo.  Recorded  1st  Order  2nd  Order  Vendor 


AA-0469  ABB-0077  288 


Arrowhead 


AAB-0535  ABB-0535  230 


US  Rubber 
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Appendix  A  contains  detailed  tabulations  of  results  for  mechanical  and 
chemical  testing  conducted  on  materials  removed  from  motors.  Included  are 
results  for  remnants  from  Motors  AA20846  and  AA20013,  excised  samples  from  six 
field-returned  motors,  and  plugs  removed  from  Motor  MSEX-2. 

Summaries  of  visual  inspections  and  nondestructive  testing  conducted  on 
field-returned  motors  are  also  included,  as  well  as  preliminary  results  for  the 
early  age-out  investigation. 
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Test 

Temp , 

"F 

Strain 

Fate,  _ 

^  Pressure 

rein  ps is 

> 

Propertv 

Storage 

Time , 

Months 

117* 

169 

180 

204 

2  34 

0 

0.74  Atm 

7  ,  psi 

219 

229 

217 

TO 

e  ,  % 

13 

16 

14 

m 

v  x 

22 

23 

22 

Eo,  psi 

3500 

4350 

2961 

SA 

60 

69 

64 

40 

0.74  Atm 

V  psi 

159 

177 

161 

£  ,  % 

14 

14 

14 

m 

V  % 

20 

19 

17 

E  ,  psi 
o 

2160 

2808 

1926 

SA 

63 

69 

64 

77 

0.74  Atm 

o  ,  psi 

137 

134 

134 

149 

137 

TO 

£  ,  X 

15 

14 

15 

14 

14 

m 

£b,  % 

18 

19 

16 

16 

18 

V  psl 

1748 

1543 

1490 

1952 

1453 

SA 

- 

62 

63 

68 

62 

110 

0.74  Atm 

V  psi 

109 

127 

114 

E  ,  X 

14 

14 

13 

m 

V  x 

19 

16 

17 

Eo,  psi 

1178 

1658 

1276 

SA 

61 

69 

64 

77 

0.00018  Atm 

o  ,  psi 

TO 

77 

89 

96 

e  ,  7. 

12 

10 

11 

m’ 

V  1 

12 

10 

11 

Eo,  psi 

708 

988 

875 

SA 

62 

68 

63 

77 

100  600 

V  psi 

428 

470 

465 

435 

cm’  2 

26 

22 

24 

24 

eb,  % 

28 

29 

26 

27 

Eo>  psi 

2953 

3022 

3420 

3110 

SA 

63 

63 

65 

67 

*  Semple 

removed  from  forward 

bore; 

later 

samples  removed  from 

mid-barrel . 

I  Figure  A-l.  Effect  of  Test  Temperature,  Strain  Rate  and  Superimposed 

’  Pressure  on  Uniaxial  Tensile  Properties  of  ANB-3066 

Propellant  from  Dissected  Motor  AA20013 

•  a -2 


Effect  of  Test  Temperature,  Strain  Rate,  and  Superimposed  Pressure  on  Uniaxial 
Tensile  Properties  of  ANB-3066  Propellant  from  Dissected  Motor  AA20846 


type  Specimen:  Mini  Uniaxial  Tensile  Strain  Rate:  1.0  Min 

fest  Temperature:  77  °F 


Figure  A-4.  Effect  of  Distance  from  Bore  on  Mini  Uniaxial  Tensile  Properties  of 
ANB-3066  Propellant  from  Dissected  Motor  AA20846 


AA20846  Phil  98  E  ,  pal  860  438  390  402  393  392  428  461  468  471  493  340  601  634 
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Figure  A-6.  Effect  of  Distance  from  Bond  on  Relaxation  Properties  of  ANB-3066 
Propellant  from  Dissected  Motor  AA20846 
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Cast  Date:  2-67 

Lot  Combination:  20  (GTR) 


PROPELLANT 


Test  Temp.,  °F 

77 

77 

Crosshead  Rate 

,  in. 

/min 

1.0 

0.5 

Applied  Strain 

,  * 

- 

2.0 

UNIAXIAL  TENSILE 

RELAXATION  MODULUS,  Er,  p: 

Distance 

RELAXATION  TIME,  MINUTES 

From  Bore 

eb* 

o  ’ 

Surface,  in. 

psi 

Z 

X 

ps  i 

SA 

0.1  1.0  10.0 

Surface 

67 

0. 1 

128 

17.0 

21.0 

1158 

63 

0.2 

122 

20.0 

26.4 

950 

66 

0.3 

128 

20.  1 

27.4 

976 

65 

0.4 

128 

20.1 

26.8 

965 

64 

0.5 

128 

18.8 

27.9 

1014 

65 

0.6 

127 

18.  1 

25.7 

1050 

66 

0.  7 

130 

18.8 

24.9 

1066 

65 

0.8 

128 

18.6 

27.2 

1011 

64 

0.9 

126 

20.0 

28.2 

987 

65 

1.0 

127 

19.6 

27.0 

1006 

63 

1.5 

128 

19.0 

26.0 

1010 

65 

2.0 

126 

18.8 

27.2 

1014 

65 

Distance 
From  Bond 
Surface,  in. 
Surface 


0.1 

108 

16.8 

20.6 

952 

0.2 

120 

19.6 

26.8 

944 

0.3 

122 

20.7 

28.8 

899 

0.4 

120 

21.0 

29.8 

892 

0.5 

122 

20.5 

30.1 

912 

0.6 

124 

20.8 

29-0 

900 

0.7 

122 

20.6 

28.8 

902 

0.8 

120 

21.0 

30.2 

870 

0.9 

121 

20.7 

27.3 

886 

1.0 

122 

20.3 

29.6 

910 

1.5 

124 

20.0 

27.7 

910 

2.0 

122 

20.6 

28.6 

896 

INSULATION 
Test  Temp.,  °F 
Crosshead  Rate  in. /min 
Applied  Strain  Z 


57 


66 

729 

462 

358 

65 

734 

443 

342 

64 

692 

428 

324 

64 

624 

379 

300 

63 

618 

382 

297 

64 

618 

392 

303 

64 

653 

412 

318 

64 

620 

386 

296 

64 

654 

410 

314 

63 

663 

424 

331 

64 

710 

462 

363 

64 

670 

448 

353 

77 

1.0 

2.0 

RELAXATION  MODULUS,  Er,  psi 
RELAXATION  TIME,  MINUTES 
2740  2175  1867 

2659  2136  1809 

X  2700  2156  1838 


Type  Test 

Test  Temp 

PROPELLANT- 
Stress 
°?  am  psi 

-LINER-INSULATION 

Time  to  Failure, 
Minutes 

Type 

Failure,  Z 

Mini  DPT 

77 

19 

0.030 

CL 

11 

0.022 

CL 

34 

0.033 

90  CL/ 10  APL 

X  21 

0.028 

(Sticky  Liner) 

Figure  A-9.  Mechanical  Properties  Kesults  for  Excised  Samples  Removed 
from  Stage  II  Motor  AA20402,  Aged  216  Mo. 
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Case  Date:  3-68 

Lot  Combination:  27  (GTR) 


PROPELLANT 


Test  Temp.,  °F 

" 

77 

77 

Crosshead  Rate 

,  in. 

/min 

1.0 

0.5 

Applied  Strain 

,  * 

- 

2.0 

UNIAXIAL  TENSILE 

RELAXATION 

MODULUS,  Er,  psi 

Distance 

r 

RELAXATION  TIME. 

,  MINUTES 

From  Bore 

am’ 

em’ 

Cb’ 

Eo* 

Surface,  in. 

£Si 

% 

% 

psi 

SA 

0.1 

1.0 

10.0 

Surface 

68 

0.  1 

142 

15.7 

19.4 

1334 

62 

0.2 

134 

22.4 

27.4 

1139 

64 

0.3 

138 

24.0 

29.6 

1146 

66 

0.4 

142 

24.0 

28.2 

1146 

65 

0.5 

142 

24.2 

28.2 

1117 

66 

0.6 

142 

24.0 

29.4 

1102 

67 

0.7 

142 

24.2 

27.6 

1124 

67 

0.8 

140 

24.2 

27.9 

1117 

64 

0.9 

140 

24.0 

29.2 

1124 

69 

1.0 

138 

19.8 

22.6 

1131 

66 

1.5 

141 

20.9 

27.0 

1139 

67 

2.0 

140 

19.6 

27.2 

1176 

66 

Distance 

From  Bond 

Surface,  in. 

Surface 

69 

0.1 

116 

11.8 

12.7 

1262 

65 

929 

615 

484 

0.2 

120 

23.8 

27.9 

854 

67 

572 

345 

263 

0.3 

121 

24.6 

29.4 

838 

66 

570 

351 

269 

0.4 

123 

24.6 

30.2 

838 

65 

638 

380 

284 

0.5 

124 

24.8 

30.7 

831 

66 

614 

380 

283 

0.6 

126 

24.6 

29.9 
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Test  Temp.,  *F 

77 

Crosshead  Rate 
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1.0 
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MODULUS,  Er,  psi 

RELAXATION  TIME, 
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X  2232 

1854 
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PROPELLANT- 

-LINER- 

INSULATION 

Stress 

Time 

to  Failure, 

Type 

Type  Test  Test  T 

amp*F 

(7  • 

■  pal 

Minutes 

Failure.  Z 

Mini  DPT 

77 

40 

0.46 

- CL  - 

42 

0.38 

70  CL/30  APL 

39 

0.47 

80  CL/20  APL 

X 

40 

0.44 

A-10.  Mechanical  Properties  Results  for  Excised  Samples  Removed 
from  Stage  11  Motor  AA205  10,  Aged  201  Mo. 
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Cast  Date:  10-69 

Lot  Combination:  29  (GTR) 
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Test  Temp.,  °F  77 
Crosshead  Rate  in. /min  1.0 
Applied  Strain  X  2.0 


E 


RELAXATION  MODULUS,  "r,  pai 
RELAXATION  TIME,  MINUTES 
2975  2274  1871 

2805  2198  1863 

X  2890  2236  1867 


PROPELLANT-LINER-INSULATION 


Type  Test 

Test  Temp  °F 

Stress 

0 
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Mini  DPT 

77 

49 
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70  APL,  30  CL 

48 

0.50 

75  APL,  25  CL 

27 

0.51 

25  APL,  75  CL 

X  41 

0.50 

Figure  A— 11.  Mechanical  Properties  Results  for  Excised  SampLes 
Removed  from  Stage  II  Motor  AA20596,  Aged  180  Mo. 
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Case  Date:  12-68 

Lot  Combination:  30  (Phillips) 
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Figure  A- 1 1 .  Me>  h.inic.il  Properties  Results  for  Excised  Samples 
Removed  from  Stage  11  Motor  AA20t>13.  Aged  194  Mo. 
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Cast  Date:  1-69 

tot  Combination:  32  (Phillips) 
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Figure  A-13.  Mechanical 
from  Stage 
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Cast  Date:  7-74 

Lot  Combination:  60  (GTR) 
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Figure  A-14.  Mechanical  Properties  Results  for  Excised  Samples  Removed 
from  Stage  II  Motor  AA21321,  Aged  138  Mo. 
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Figure  A-16.  Washout  Motor  Visual  Inspection  Report,  Sheet  10  of  10 
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Figure  A-17.  Visual  Inspection  Data  from  00-ALC 


m 

V  ’."***. 


».v.  v  ■ 

V 

*n.‘  \Y." 


tm 

l  j 


v.y.y, 


A-29 


Shore  A2 
On-Surface  (Kyy) 

-  Eq  (psi) 
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OB 

-  e  (t) 

m 

-  eb  (Z) 

Temperature  (°F) 


Visual  Observations 

1.  Forward  Bondline  Boot  separation  0.05"  at  150°. 


F 

G 

>5.8 

67 

2.  Aft  Bondllne 


Boot  separation  of  0.10"  entire  circumference  as  evidenced  by  concentric 
depression  in  the  SD  844-1  end  restriction. 


3.  Forward  Bore  Scratches  to  0.25"  wide  entire  length  of  fin  rays.  Scratches  and  scuff in 

caused  by  installing  and  removing  igniter  assembly.  Release  agent  on 
surface  and  in  slots. _ 

4.  Cylindrical  Bore  Large  scrap  of  release  agent  at  180°.  Large  patch  6  x  12"  of  surface 

polymer  appears  to  be  peeled  away  at  the  bore-fin  rav  interface. _ 

270°  -  230°. _  _ 


5.  Aft  Nozzle  Well 


6.  Other 


-Valda.: _ 40°.  2"  <n  y  0.75";  60°,  4"  m  x  j.25":  75°,  0.25"  In  x  0.25"; 

130°,  4"  in  x  0.25”,  8"  in  x  0.25";  200°.  8"  in  x  0.12":  220°.  2”  in  x 
0.25":  195°,  2"  in  x  0.25". _ 

SD  844-1  end  restriction  is  tacky.  Profusion  of  crystals  on  hore  surfa 
and  in  fin  slots.  Crystals  removed  at  NDT  test  locations  to  faMHtafe 
"On-Surface"  testing.  _ 


Figure  A-19.  Summary  of  On-Surface  Tests  Conducted  on  Minuteman 
Stage  II  Motors,  Shed  1  of  13 
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Cast  Odte:  27  November  1968  C7?2  Vsnscr: 

Phill ios 

25  January 

1985 

Say  Temp:  70°F  Aqe  at  Test: 

208 

[  .  ABC 

f: 

»■ 

Shore  A2 

62 

69.5 

75.7 

»“ 

On-Surface  (K^) 

55.25 

55.43 

57.7 

c 

-  E  (psi) 

0 

1530.9 

1536.3 

1611.6 

-  o  (psi) 
m 

113.7 

113.9 

115.8 

-  c  (2) 

ID 

13.5 

13.5 

13.0 

-  eb  (Z) 

18.1 

18.1 

17.4 

■ 

Temperature  (°F) 

63 

63 

66.5 
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•'C  to r  s.‘l :  AA  20402 _  fast  Oate:  S  February  1967  CT?3  Venacr:  gTR _ 

Test  3a  te  :  1  April  1985 _  Bay  Temp:  65°F _  Age  at  Test:  217 _ f  ■■c  -  ; 


Average  of  Ail  Angular  Locations  at  Axial  Location: 


A 

B 

C 

D 

E 

F 

G 

Shore  A2 

56.3 

61.8 

67.8 

69.5 

72.3 

70.8 

70 

On-Surface  (K.^) 

45.3 

42.1 

49.9 

48.4 

52.8 

47 

41.9 

-  Eq  (psi) 

1213.9 

1116.7 

1357.6 

1310.2 

1450.5 

1266.5 

1110.2 

-  o^  (psi) 

105.1 

102.3 

109.1 

107.8 

111.6 

106.5 

102.1 

-  e  (Z) 

m 

15.9 

16.7 

14.7 

14.1 

14.0 

is. 4 

16.8 

-  £b  <« 

21.8 

23.2 

20.0 

20.6 

19.0 

21.1 

23.2 

Temperature  (°F) 

69.3 

72.5 

72.8 

72.8 

69.0 

68 

68 

Visual  Observations 


1.  Forward  Bondllne  Boot  separation  3/32"  entire  circumference.  Boot  lifting  1/8"  at  220*. 

Boot  unbonded  from  180°  to  270°.  Boot  shrinkage  from  180°  to  270*. 


2.  Aft  Bondllne  Knd  restriction  separation  and  lifting  1/8"  entire  circumference. 

SD  844-1  Is  sticky. _ _ _ 


3.  Forward  Bore  Crack  1-3/8"  long  x  3/32"  at  90°  fin  ray.  Propellant  slump  1/8".  Llgh' 

dust  of  oxidizer  crystals.  Fin  material  residue  1/A"  bottom  of  0° 
fin  slot. _ _ _ 

4.  Cylindrical  Bore  Light  dusting  of  oxidizer  crystals. _ 


5.  Aft  Nozzle  Well 

Voids : 

:  0°. 

1/8".  14"  In: 

:  55°,  3/16". 

15"  in;  50° 

,  3/32", 

3*'  In; 

lo1; 

1/4"  T. 

4"  In: 

180°.  3/8". 

18"  in:  210°. 

1/8".  18" 

in:  270° 

.  1/8". 

17"  In 

290°, 

3/16", 

6"  In. _ 

6.  Other 

Eooxv 

reoalr 

of  aft  case 

Insulation  at 

boss  1"  x 

1/4"  at 

10°  and 

280°  . 

i igure  A  19.  Summary  of  On-Surfuce  Tests  Conducted  on  Minuteman 
Stage  II»  Motorsj  Sheet  6  of  13 
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R6-072 _ _  Cast  Oa'.?:  H  March  1985 _  C.PE  Hr.'.z r: 

12  Anr i  1  1985  TeraP;  _ 2111 _  A3S  at  Te;': 


"esc  3a  te:  12  April  1985 


ov 

FWO 

LOOKING 

AFT 


Shore  A2 
On-Sur£ace  (K^) 

-  Eq  (psi) 

-  o  (psi) 

01 

-  e  00 

id 

-  s  <2> 

Temperature  (°F) 
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0* 

AFT 

LOOKING 

FWD 


A 

£ 

C 

D 

E 

F 

G 

51.0 

57.0 

63.0 

63.0 

64.0 

63.0 

66.0 

31.8 

35.4 

44.0 

35.8 

30.3 

30.3 

31.8 

818.8 

920.3 

1174.0 

931.7 

733.3 

733.3 

818.8 

93.3 

96.4 

103.9 

96.8 

92.0 

92.0 

93.3 

20.0 

18.8 

16.2 

18.6 

20.6 

20.6 

20.0 

28.3 

26.3 

22.3 

26.1 

29.2 

29.2 

28.3 

69 . 3 

70.5 

71.8 

70.8 

70.8 

71.0 

70.8 

Visual  Observations 

1.  Forward  Bondline  No  forward  bond  discrepancies. 


I  ,  .J 

•  .  •  »  ■  i 

v.v.V 


k-A 

'  •  s 


W-".A 
•  *•  . 

*,*  */.  a 

to-'-lj-JL  a 


t'j 


2.  Ait  Bondline 


No  aft  bond  discrepancies. 


3.  Forward  Bore 


fin  material  residue  in  apex  of  ail  fin  slots  except  180 
-p  in  fin  slots  due  to  poor  release  of  fin  material. _ 


4.  Cylindrical  Bore 


longitudinal  scratches. 


5.  Aft  Nozzle  Well  Voids:  30°.  3/lb"  6”  in;  85°,  1/8",  6"  in;  90°,  3/3",  6"  in;  200°,  3/16" 

7"  In'  ?-.a°  :/8".  1"  in:  2  70°,  1/8".  3"  in;  2  75°.  1'8",  6"  in; _ 

lsn°  I/O"  A"  In 


»  < 


figure  A-19.  Summary  of  On-Surface  Tests  Conducted  on  Minuteman 
Stage  If  Motors,  Sheet  7  of  13 
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Vo-.o f  s:.:  1976A  Plug  Mnfnr  Cast  Oate:  22  April  1976  C~2  /enter:  Phillips 

Test  3a te:  24  June  1985 _  Bay  Temp:  91°F _  Age  at  Test:  HQ _ 


AfT 


1*0 


Average  of  All  Angular  Locations  at  Axial  Location: 


• 

A 

B 

C 

D 

E 

F 

G 

*°°* 

— 

— 

Shore  A2 

53.5 

63.8 

71. S 

70.8 

72.8 

73.8 

73.3 

On-Surface  (K_ _) 

50.9 

55.4 

61.5 

62.9 

63.9 

58.4 

55.2 

-  E 

0 

(psi) 

1389.4 

1535.4 

1740.2 

1788.3 

1823.0 

1635.0 

1528.0 

-  0 

m 

(psl) 

109.9 

113.3 

119.2 

120.4 

121.3 

116.5 

113.7 

-  e 

m 

(X) 

14.5 

13.5 

12.2 

12.0 

11.8 

12.9 

13.5 

-  s 

(Z) 

19.7 

18.2 

16.2 

15.8 

15.5 

17.1 

18.2 

Temperature  (°F) 

83 

83 

80.5 

82 

83 

83 

83 

Forward 

Bondline 

Forward  boot 

Visual 

nipple  is 

Observations 

abraded  due  to  removal  of  i 

excess  liner 

material . 

2.  Ait  Bondline 


3.  Forward  Bore 


End  restriction  material  SD  844-1  Is  degraded,  sticky  and  tacky. _ 

Restriction  material  has  run  five  Inches  Into  the  aft  nozzle  area  from 

-3.Ql.ta.  170°.  ..  .  _ _ 


Small  fin  material  residue  In  fin  ravs  at  0°.  180°.  290°,  Slump  1/8", 
Scratch  on  310°  fin  rav  2''  x  3/16". _ 


4.  Cylindrical  Bore  Light  dusting  of  AP  crystals.  Few  small  scraps  of  propellant. 


5.  Aft  Nozzle  Well 


Voids:  10°,  1/8",  5"  In:  190°,  3/32".  7”  In;  230°,  1/8”,  6-1/2"  In; 
27Q°—  1/8".  6-1/2"  In.  Scratch  at  270°  4"  X  1/8".  Light  brown 
discoloration  of  propellant. _ 


6.  Other 


Figure  A-19.  Summary  of  On-Surlace  Tests  Conducted  on  Minuteman 
Stage  LI  Motors,  Sheet  10  of  13 
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Ignitability  Testing  Summary  for  This  Report  Period: 

Motor  AA  20402 

Excise  samples  were  removed  from  motor  AA  20402  on  4/1/85.  Visual  inspection 
prior  to  sample  excise  indicated  normal  fin  slot  surfaces  with  a  light  coating 
of  AP  crystals.  SEM  examination  of  excised  samples  shows  a  highly  three 
dimensional  surface  with  free  oxidizer  crystals  on  the  surface.  The  polymer 
surface  layer  appears  to  be  relatively  intact.  The  I DM  was  conditioned  at 
80 °F  -  80XRH  for  24  hours  prior  to  firing.  A  longer  than  average  ignition 
delay  (0.132  sec)  was  predicted  from  the  IDM  data.  This  prediction  is 
consistent  with  the  condition  of  the  propellant. 

Motor  AA  20629 

Motor  AA  20629  la  Identified  elsewhere  is  this  report  as  the  "Cracksd  Motor." 
Excise  semplea  ware  taken  froai  this  aotor  on  5/14/85.  Visual  examination  prior 
to  saaple  excise  indicated  e  rough,  pitted  surface  in  the  upper  fin  slot 
areas.  The  surface  polymer  appears  to  be  missing  in  same  areas.  SEM 
examination  Indicates  a  highly  three  dimensional  surface  with  many  pits  and 
much  free  material  (AP  and  Al)  on  the  purface.  The  surface  condition  nsy  be 
en  artlfect  of  core  stripping  since  all  surface  features  appear  to  be  bound  by 
a  polymer  film.  The  IDM  was  over  conditioned  at  high  husldlty  prior  to  firing 
and  firing  data  la  considered  anomalous. 

Motor  AA  21480 

Motor  AA  21460  is  one  of  two  Mi  II  motors  identified  as  "Plug  Motors."  This 
motor  was  manufactured  in  1976.  Excise  samples  were  taken  from  this  motor  on 
6/27/85.  Visual  examination  prior  to  sample  excise  indicated  a  rough,  abraded 
surface  in  the  fin  slots.  Very  little  AP  coverage  (  5X)  was  observed  on  the 
finocyl  surfaces.  SEM  examination  shows  a  moderately  three  dimensional 
surface  with  a  mostly  intact  surface  polymer  layer.  A  notable  feature 
appearing  in  several  of  the  SEM  photographs  is  a  series  of  linear  cracks  in 
the  polymer  surface.  These  cracks  are  similar  to  those  caused  by  localized 
stress  ("stress  checks")  in  other  propellant  samples.  The  orientation  of  the 
cracks  to  the  grain  is  unknown. 

Figure  A-20.  IgnitabiLity  Testing  Summary  for  This  Report  Period, 
Sheet  1  of  3 
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The  I DM  was  conditioned  at  80*F  -  80ZRH  for  24  hour*  prior  to  firing.  A 
normal 

(0.113  sec)  ignition  delay  was  predicted  from  the  1DM  data. 

Motor  AA  21321 

Motor  AA  21321  has  been  identified  as  one  of  the  "Early  Age-Out"  motors.  It 
is  leu  jteeii  old.  Excise  aasplcs  were  removed  from  this  motor  nn  7/8/85. 

Visual  examination  prior  to  sample  excise  revealed  scratches  on  all  fin  slot 
surfaces,  rough  fin  slot  surfaces,  and  a  moderate  coating  of  AP  on  the  fin 
slot  surfaces.  The  surfaces  of  the  excised  samples  were  rough  and  pitted  over 
35Z  of  their  area.  SEM  examination  revealed  a  relatively  planar  surface  with 
patches  of  very  rough,  exposed  area.  The  topography  of  the  rough  areas 
suggests  that  they  are  artifacts  of  the  core  stripping  process.  AP  crystal 
growth  appears  heavy  in  these  rough  areas. 

The  IDM  was  conditioned  at  80*F  -  80ZRH  prior  to  firing.  A  longer  (0.122  sec) 
than  normal  ignition  delay  was  predicted  from  IDM  data.  This  propellant 
surface  would  be  sensitive  to  exposure  to  high  hwidity  environments. 

Motor  R6-072 

Excise  samples  were  taken  from  Motor  R6-072  on  4/15/85.  Visual  examination 
prior  to  sample  excise  revealed  very  rough  surfaces  at  the  top  of  the  fin 
slots.  The  roughness  is  caused  by  the  finish  of  the  released  cores  in  that 
area  and  subsequent  deeage  to  the  surface  during  the  core  stripping  process. 
The  appearance  of  the  propellant  surface  in  this  area  is  not  typical  of  the 
released  surfaces  in  the  rest  of  the  motor.  SEM  examination  reveals  a  surface 
that  is  very  smooth  over  6SZ  of  its  area  and  very  rough  over  the  remainder. 

An  acceleration  in  the  rate  of  degradation  with  exposure  to  high  humidity 
could  be  expected  in  the  upper  fin  slots. 

The  IDM  was  conditioned  at  80  -  80ZRH  for  24  hours  prior  to  firing.  The 
ignition  delay  prediction  of  0. 128  sec  is  longer  than  normal  for  this  age 
motor . 

Figure  A- 20.  Ignitability  Testing  Summary  for  This  Report  Period, 
Sheet  2  of  3 
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Motor  R6-069  (PQA  6-108) 

A  prefire  report,  as  required  by  contract,  was  Issued  for  R6-069  on  7/17/85. 
Excise  samples  were  taken  from  this  motor  on  6/12/85.  Visual  examination 
prior  to  sample  excise  revealed  the  rough  surfaces  at  the  top  of  the  fin  slots 
previously  noted  in  the  discussion  on  Motor  R6-072.  SEM  results  are  also  sim¬ 
ilar  to  those  for  R6-072.  The  IDM  was  conditioned  at  80°F  -  80ZRH  for  24 
hours  prior  to  firing.  The  predicted  Ignition  delay  was  0.127  sec. 

The  IDM  data  for  R6-069  is  considered  anomalous:  the  IDM  never  attained  350 
psi  and  the  pressurization  rate  was  low  (1556  psi/sec).  No  cause  for  the 
abnormal  values  has  been  identified  as  yet  and  the  firing  of  the  motor  at  AEDC 
war  not  accomplished  during  this  reporting  period. 

Motor  R7-014  (PQA  6-109) 

Excise  samples  from  Motor  R7-014  were  taken  on  8/19/85.  Visual  examination 
prior  to  sample  excise  the  same  rough  surfaces  in  the  upper  fin  slot  area  as 
noted  previously.  Release  siaterlal  embedded  in  the  propellant  was  also  visi¬ 
ble.  SEM  examination  was  not  completed  during  this  reporting  period;  the  pre- 
fire  report  Is  pending.  The  IDM  was  conditioned  at  80*F  -  80ZRH  for  24  hours 
prior  to  firing.  IDM  data  indicates  a  slightly  shorter  ignition  delay  than 
normal  (0.099  sec  vs  a  0.103  sec  PQA  average). 
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Figure  A-20.  Ignitability  Testing  Summary  for  This  Report  Period, 
Sheet  3  of  3 
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MECHANICAL  PROPERTIES  OF  M/M  EXCISED  SAMPLES 
(ORIGINAL  PRODUCTION) 
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Figure  A-23.  Mechanical  and  Chemical  Properties  of  Minuteman 

Excised  Samples  (Original  Production),  Sheet  2  of 
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Stage  II  Liner  Bond  Test  Data  Provided  by  Hill  AFB 


pertture 


-25.  Effect  of  Sample  Location  and  Storage  Time  on  Uniaxial  Tensile 
Properties  or  Propellant  from  Motor  MSEX-2 


Effect  of  Sample  Location,  Storage  Time  and  Distance  from  Bondline  on 
Uniaxial  Tensile  Properties  of  ANB-3066  Propellant,  Motor  MSEX-2  (1984A), 
Sheet  2  of  4 
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figure  A-27 .  Effect  of  Sample  Location,  Storage  Time  and  Distance  from  Bondline  on 

Uniaxial  Tensile  Properties  of  Anb-3066  Propellant,  Motor  MSEX-2  (1984A) 


Effect  of  Sample  Location,  Storage  Time  and  Distance  from  Bondline  on 
Relaxation  Modulus  of  ANB-3066  Propellant,  Motor  MSEX-2  (1984A) 


Typ«  Test:  Double  Piece  Tensile 
Type  Specimen:  Mini  Double  Plata 
Test  Temperature:  ll't 
Croaaheed  Late:  0.5  in. /min 


Type  Teat :  High  Kite  Shear 
Teat  Temperature:  77"P 
Croashead  lata:  200  in. /min 
Super  impoaed  Preaaure:  600  paig 
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Lgure  A-31.  Plugs  from  Motor  MSEX-2:  Transmission  Spectra  of  Chloroform 
Extractabies,  Peak  Heights  Normalized  to  Initial  Weights 
(Gradient  from  Bondline  Interface) 


CHEMICAL  PROPERTIES  OF  SD-851-2  LINER 
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Report  0162-06-SAAS-35,  Appendix  A 


X 

• 

1 

H 

© 

'O 

0- 

w 

1 

r\ 

r\ 

'O 

o- 

X 

2 

1 

>0 

o 

'O 

X 

O 

1 

• 

• 

• 

• 

hH 

i-i 

1 

Q 

<s> 

<s> 

© 

x 

H 

1 

1 

U 

1 

X 

<t 

1 

u 

QS 

1 

o  u. 

1 

1 

o 

1 

1 

r\ 

o 

<r 

z 

1 

00 

f\ 

r\ 

00 

M 

1 

• 

• 

• 

• 

X 

o 

1 

H 

H 

H 

H 

X 

1-1 

1 

lu 

H 

1 

3 

C 

1 

00 

cc 

1 

1 

w 

1 

1 

cu 

OJ 

CD 

00 

2C 

1 

H 

H 

T— < 

H 

1 

x 

2 

1 

o 

O 

1 

<c 

E 

1 

1 

1 

1 

■o 

1 

o 

o 

OJ 

1 

u 

X 

-u 

\ 

Q 

a 

u 

in 

1 

01 

in 

1 

<S> 

o 

o 

C 

tu 

1 

n 

u 

r\ 

w 

L 

c 

\ 

w 

w 

Q 

o 

*: 

\ 

u 

u 

1 

Q 

<S> 

Q 

in 

1 

2 

m 

Z 

r\ 

C  2 

1 

u 

W 

X 

w 

0 

H 

2 

1 

O 

» 

Q 

Q 

Q 

Q 

+■> 

C 

H 

1 

X 

2 

X 

z 

u 

«-< 

x 

H 

1 

<r 

X 

< 

LU 

o 

<£ 

1 

3 

L 

C 

j— i 

U 

X 

H 

X 

H 

X 

0 

o 

» 

o 

X 

0 

X 

x 

1 

x 

<£ 

X 

<c 

L 

4J 

1 

0* 

ffl 

1 

— 

1 

fu 

OJ 

OJ 

OJ 

X 

1 

» 

1 

1 

X 

> 

'.■> 

c 

X 

X 

7»; 

X 

1 

r— * 

LU 

X 

U 

X 

L. 

1 

o 

00 

00 

r/) 

O') 

aj 

o 

Location  and  Storage*  Time  on  Relaxation  Modulus 


Report  0162-06-SAAS-35,  Appendix  B 


Appendix  B  contains  detailed  tabulations  of  results  of  mechanical  and 
chemical  testing  conducted  on  laboratory  samples.  Included  are  data  for 
samples  cast  from  propellant  Lot  Combinations  85  through  89A  following  storage 
at  8  mo  at  135#F,  12  mo  at  80°F,  and  16  mo  at  110#F. 
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Test  Temperature:  77 “F 
Strain  Rate:  100  min 
Superimposed  Pressure:  600  psig 
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Figure  B-2.  Effect,  of  Storage  Time 
Properties  of  ANB-3066 
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Comparison  of  Mini  Stress  Relaxation  Modulus  from  the  Simulated  Bond 
Surface  of  Analog  Samples  of  ANB-3066  Propellant 


Typo  Specimen  - ►  Standard  Mini 

Test  Temperature,  °F  - ►  77  77 

Crosshead  Rate,  in. /min  - ►  1.0  0.5 
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Figure  B-6.  Effect  of  Storage  Temperature  and  Time  on  Tensile  Strength  of 
Propellant-Liner-Insulation  Bond  System,  Sheet  1  of  2 
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Test  Temperatue:  77 °F 
Crosshead  Rate:  200  in. /min 
Superimposed  Pressure:  600  psig 
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Figure  B-8.  Comparison  of  Constant  Load  Bond  Tensile  Results  from 
Analog  Samples  of  ANB-3066  Propellant 
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Figure  B-10.  Transmission  Spectra  of  Chloroform  Extractables  Normalized 
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Figure  B-10.  Transmission  Spectra  of  Chloroform  Extractables  Normalized 
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CHEMICAL  PROPERTIES  OF  V-45  INSULATION 
ANALOG  SAMPLES  FROM  LOT  COMBINATIONS  75  TO  8?A 
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1 .7' 

Figure  B-I3.  Chemical  Properties  oi  V-45  Insulation:  Analog  Samples 
from  Lot  Combinations  75  to  89A.  Sheet  2  of  2 
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Figure  C-3.  Ignition  Delay  vs  Age  -  Blend  373  , 
1981  RC  Gas  Generator  Analysis 
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Figure  C.-5.  Burn  Duration  vs  Age  -  Blend  373, 
1985  RC  Gas  Generator  Analysis 
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Figure  C-6.  ME01*  vs  Age  -  Blend  373, 
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Figure  C-7.  Ignition  Delay  vs  Age  -  Blend  374, 
1985  RC  Gas  Generator  Analysis 


C-7 


10  z 


E 


Report  0162-06-SAAS-35 ,  Appendix  C 


r*. 

e 


n  ignition  r:tic 

- 1.662611e-04*A  .0.120596 

-  +3  SIGMA 

— - -3  SIGMA 


AGE  (MO.) 


c 

t 

I k 


k  .* 


Parameter  Table 

O  1  PARAMETER  2  VALUE  3  STANDARD  4  T-VALUE  5  SIG.  LEU. 

DEVIATION 


1  INTERCEPT 

2  SLOPE 


0.128596 

0.000166 


0.004764 

0.000040 


26.994786 
4. 173013 


0.0001 

0.0010 


8 


1  SOURCE 


2  SUM  OF 
SQUARES 


Analysis  of  Variance  Table 

5  F  VALUE 


3  D.F.  4  MEAN 

SQUARE 


6  SIG.  LEV. 


REGRESSION 

RESIDUAL 


0.004667 

0.005S97 


1  0.004667 

22  0.000268 


17.414034 


0.001 


7  MULT 
R-SQ 


8  STD  DEV 
OF  REGR 


1  0.441823  0.016372 
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Figure  C-8.  Ignition  Time  vs  Age  -  Blend  374,  -i 

1985  RC  Uas  Generator  Analysis 
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□  BURN  DURATION 
— — .  -6.eS8563«-03»X  +95.479032 
_  ..  -  +3  SIGMA 
-  -3  SIGMA 


Parameter  Table 

1  PARAMETER  7  VALUE  3  STANDARD  4  T-VALUE  5  SIG.  LEV. 

DEVIATION 


1  INTERCEPT  95.47903?  0.776780  122.916441  0.000100 

2  SLOPE  -0.006829  0.007245  -0.942463  0.3577B6 


Analrii*  of  Variance  Table 

0  1  SOURCE  2  SUM  OF  3  D.F.  4  MEAN  5  F  VALUE  6  SIG. 

SQUARES  SQUARE 


1  REGRESSION  6.252298  1  6.252298  0.888236 

2  RESIDUAL  133.741083  19  7.039004 


0  7  MULT  8  STD  DEV 

R-SQ  OF  REGR 


1  0.044661  2.653112 

2 


Figure  C-9.  Burn  Duration  vs  Age  -  Blend  374, 
1985  RC  Gas  Generator  Analysis 
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Parameter  Table 


MEOP 

0 . 4424<7*X  +2022 . 85842 
+3  SIGMA 
-3  SIGMA 


1  PARAMETER  2  VALUE  3  STANDARD  4  T-MALUE  5  SIG.  LEV. 

DEVIATION 


INTERCEPT 

SLOPE 


2022.818420 

0.442447 


23.417247  86.383272 

0.192743  2.295523 


0.000100 

0.032102 


Analysis  of  Variance  Table 

1  SOURCE  2  SUM  OF  3  D.F.  4  MEAN  5  F  VALUE  6  SIG. 

SQUARES  SQUARE 


REGRESSION  32924.080904  1  32924.080904  5.269424 

RESIDUAL  131210.875617  21  6248.136934 

7  MULT  8  STD  DEV 

R-SQ  OF  REGR 


0.200592  79.045158 


Figure  C-10.  MliOP  vs  Age  -  Blend  374, 

1985  RC  (Lis  Generator  Analysis 
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□  IGNITION  DELAY 
-  -  —  -2.  21519S«-Q5*X  .0.017379 
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Parameter  Table 


0 

1  parameter 

2  VALUE 

3  STANDARD  4  T-VALUE  5 

DEVIATION 

SIG.  LEV. 

1 

INTERCEPT 

SLOPE 

0.017379 

-0.000022 

0.003594  4.835896 

0.000026  -0.852822 

0.0010A 

0.40717 

Analysis  of  Variance  Table 

0 

1  SOURCE 

2  SUM  OF  3 

SQUARES 

D.F.  4  MEAN  5  F  VALUE 

SQUARE 

6  SIG.  LEV. 

7  MULT 
R-SO 

IJ  *- 

REGRESSION 

RESIDUAL 

0.000085 

0.001743 

1  0.000085  0.727306 

15  0.000116 

0.41 

0.046 

0  8  STD  DEV 

OF  REGR 


l  0.01C781 


Figure  C— it.  Ignition  Delav  vs  Age  -  Blend  368, 
1985  TVC  Gas  Generator  Analysis 
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-  -3  SIGMA 


Parameter  Table 


0  1  PARAMETER  2  VALUE  3  STANDARD  4  T-VALUE  5  SIG.  LEV. 

DEVIATION 


1 

INTERCEPT 

0.158878 

0.015872  10. 

,009839 

0.000100 

2 

SLOPE 

-0.000018 

0.000115  -0. 

,  154640 

0.879167 

Analysis  of  Variance 

Table 

0 

1  SOURCE 

2  SUM  OF  3 

D.F.  4  MEAN 

5  F  VALUE 

6  SIG.  LEV. 

7  MULT 

SQUARES 

SQUARE 

R-SQ 

1 

REGRESSION 

0.000054 

1  0.000054 

0.023914 

0.88 

0.001 

2 

RESIDUAL 

0.034009 

15  0.002267 

0  8  STD  DEV 

OF  REGR 


1  0.047616 


Figure  C-12.  Ignition  Time  vs  Age  -  Blend  368, 
1985  TVC  Gas  Generator  Analysis 
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H  BURN  DURATION 

_ 1—  1.  342435«-03*X  ♦78.724735 

-  ♦a  SIGMA 

-  -3  SIGMA 


“aramstfr  Taolp 

1  PARAPETS  V  2  VALUE  3  STANDARD  4  T-VALUE  5  SIG.  LEV. 
. .  "  DEVIATION 


INTERCEPT  _  7e. 724755 _  0.432211  .132^144284  _  0.. 00.01,00 

SCOPE  0.001342  0.003154  0.425621  0.676854 


Ariali'ais  of  Variance  Tablp 

1  SOURCE  2  SUN  OF  3  D.F.  4  MEAN  5  F  VALUE  6  SIG.  L 

SQUARES  .  SQUARE* 


1  _ REGRESSION  0.302838  _  1  0.302835  0.1BU53 _ O 

2  RESIDUAL  23.404106  *  14  1.671722 

O  7  “MULT  ~  8  STD  DE'jf 
R-SQ  OF  REDR 


0T0 12774  '  i. 292951 


Figure  C-13.  Burn  Duration  vs  Age  -  Blend  368 
1985  TVC  Gas  Generator  Analvsis 
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Figure  C-19.  A-l  Input  Control  90-120  Sec  Power  Spectral  Density 
RMS  Level  =  10.48  G  SQ  D/HZ  -  AF  =  5HZ ,  72  Averages 
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Figure  C-23.  Data  Used  for  1985  Disc  Pressure  Analysis 
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I .  INTRODUCTION* 


The  nipple-propellant  gap  measurements  taken  on  the  Minuteman  Wing  VI, 
Stage  II  motors  were  used  in  conjunction  with  the  data  given  In  Reference  11 
assessments: 

1.  To  roughly  characterize  the  nipple-propellant  gap  behavior  from  the 
available  motor  measurements  (forward  and  aft  boots). 

2.  To  derive  equations  for  the  prediction  of  nipple-propellant  gap 
from  composition  variables  and  excised  motor  test  data. 

»  3.  To  predict  the  rate  of  motor  age-out  as  a  function  of  motor  age. 

The  following  report  addresses  these  objectives. 


♦Note:  This  report  uses  a  forward  boot  gap  of  0.03  in.  as  a  failure  criteria; 
this  value  is  actually  the  "alert"  value  established  by  00-ALC  for 
further  motor  inspection. 
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CHARACTERIZATION  OF  GAP  BEHAVIORS  IN  AGED  MOTORS 


Measurements  by  Aerojet  and  00-ALC  of  the  nipple  propellant  gap  in  aged 
motors  have  been  compiled  for  both  the  forward  and  aft  boots.  Using  this  data 
compilation  it  was  possible  to  approximate  the  rates  of  motor  age-out  as  a 
function  of  age. 

A.  AGE-OUT  AT  THE  FORWARD  BOOT 

Earlier  assessments  indicated  distinct  differences  in  the  behav¬ 
iors  of  the  liner  batches  made  using  the  CTPB  polymer  from  the  two  vendors, 
GT&R  and  Phillips.  That  distinction  was  assumed  to  apply  to  these  data,  so 
the  data  were  separately  treated. 

Figure  D-l  presents  the  raw  data  for  those  motors  using  the  GT&R 
polymer.  Two  values  are  plotted.  The  first  curve  gives  the  cumulative  number 
of  motors  tested  for  nipple-propellant  gap  opening  (E  N)  versus  the  age  of  the 
motors  in  months.  The  second  curve  is  a  plot  of  the  cumulative  number  of 
motors  that  exceeded  the  age-out  criterion  (  £  F) ,  also  plotted  versus  motor 


Figure  D-2  give  raw  data  curves  for  Phillips  polymer. 

The  approximate  age-out  rate  at  each  age  for  this  motor  sampling 
is  given  by  the  relation 

Age-Out  Rate  -  £F/  EN  (1) 

Figures  D-3  and  D-4  show  these  rates  versus  motor  age  for  the  GT&R  and  Phillips 
polymers,  respectively. 


Figure  D-5  was  prepared  for  a  simple  comparison  of  the  two  distribu 
tion  curves.  Except  for  a  few  early  age-out  motors,  those  using  the  Phillips 


3 


#  tested 


Figure  D-3.  Approximate  Rate  of  Motor  Age-Out  for  GT&R  Polymer 


Approximate  Rate  of  Motor  Age-Out  for  Phillips  Polyme 


PHILLIPS 


GT&R  and  Phillips  Polymers  in  Forward  Boot 
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II. A.  Age-Out  at  the  Forward  Boot  (Cont) 

polymer  tend  to  age  longer  (about  4  years).  Both  sets  of  data  exhibit  a 
flattened  portion  of  the  curve  at  long  times  with  the  GT&R  polymer  giving  an 
age-out  rate  between  0.70  and  0.75,  while  the  motors  using  the  Phillips 
polymer  have  a  maximum  rate  below  0.60. 

A  word  of  caution  should  be  given  at  this  point.  These  curves 
actually  fall  to  the  right  (greater  aging  times)  of  the  curves  that  would  be 
generated  at  the  ages  when  the  motors  just  equalled  the  age-out  criterion. 

Also,  the  maximum  rate  should  be  asymptotic  to  1.00.  That  asymptote  is  not 
indicated  by  these  data  because  of  the  sampling  technique  which  gives  a  bias 
to  the  results. 

B.  AGE-OUT  AT  THE  AFT  BOOT 

Using  the  age-out  criterion  given  for  the  forward  boot,  and 
possessing  fewer  data  points,  the  analyses  for  the  aft  boot  gave  the  simple 
results  of  Figure  D-6.  The  early  age-out  rates  for  the  GT&R  polymer  are  attrib¬ 
uted  to  a  paucity  of  data  at  those  times. 

Both  polymers  produced  curves  which  quickly  attained  a  constant 
rate  of  age-out.  The  Phillips  polymer  reached  an  age-out  rate  of  about  0.85 
which  is  significantly  greater  than  that  for  the  GT&R  polymer,  about  0.72. 


Figure  D-6.  Comparison  of  Motor  Age-Out  Rates  for  GT&R  and  Phillips  Polymers  in  Aft  Boot 
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III.  RELATION  OF  NIPPLE-PROPELLANT  GAP  TO  PROPERTY  AND  AGING  VARIABLES 

The  following  was  a  preliminary  effort  designed  to  correlate  available 
motor  test  data  with  nipple-propellant  gap  measurements.  The  purpose  of  the 
correlation  equation  Is  to  predict  rates  of  motor  age-out,  an  example  of  which 
is  discussed  In  the  following  section. 

A  large  database  was  available  for  this  study,  see  Reference  (a). 

These  data  Included  the  manufacturing  variables  for  the  SD-851-2  liner  for 
1,347  Minuteman  Second  Stage  production  motors  and  206  Third  Stage  production 
motors.  In  addition,  excised  sample  data  were  obtained  on  50  motors  that 
ranged  In  age  from  44  to  130  months.  In  ail,  67  variables  were  collected  for 
each  motor. 

The  studies  reported  In  Reference  12  were  centered  on  the  propellant- 
llner-boot  bond  strength  as  a  function  of  age.  For  the  present  preliminary 
study,  the  significant  variables  In  that  study  were  accepted  for  consideration 
in  this  one.  This  assumption  greatly  reduced  the  effort  of  the  current  work. 
The  parameters  considered  were  C2,  Cn,  C25,  C29,  C42,  C47,  and  C48, 
using  the  column  code  notation  given  In  Reference  (a).  The  descriptions  of 
these  variables  are  given  in  Table  I. 

The  evaluation  of  these  variables  involved  the  statistical  assessment 
of  the  following  36  term  equation: 

Gap  *  Aq  +  Aj  C2  +  A2  C j_ +  A3  C25  +  A4  C29  +  A5  C42  +  A8  C47  + 

A7  C43  +  Aa  C2  +  A9  C2  +  A10  C2  +  Ai?  C2  + 

,  2  11  29  42 

A13  c,7  +  A14  c,d  +  a15  c2  Cll  +  A 16  c2  c25  +  A17  C2  C29  + 

47  48 

a18  c2  C42  +  A 19  C2  C47  +  A2o  C2  C48  +  A2 1  Cn  C25  + 

A22  C1L  c29  +  A23  C11  c42  +  A24  C11  c47  +  A25  cll  c48  + 

A26  C25  C29  +  A2 7  C25  G42  +  A28  C25  C47  +  A29  C25  C48  + 

A30  c29  C42  +  A31  C29  C47  +  A32  C29  C48  +  A33  C42  C47  + 

a34  c42  c48  +  A35  c47  c48  ^2^ 

Uhere  the  Ai  are  constants. 
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lit.  Relation  of  Nipple-Propellant  Gap  to  Property  and  Aging  Variables  (Cont) 


V 

ksi 

-■• -  -  I 


TABLE  1. 

MANUFACTURING  VARIABLES  AND  CODES  FOR  DATA  LISTING 

OF  50  EXCISED  MOTORS 

Column 

Code 

Variable 

c2 

Bond  Tensile  Strength  (DPT)  -  From  Motor  Sample 

Carton,  psi 

C11 

Premix  Moisture  Content,  Weight  Percent 

c25 

Delta  Viscosity  Buildup,  Poise 

C29 

Liner  Accelerated  Cure,  Rex  Hardness 

C42 

Insulation  Water,  % 

C47 

Liner  Swelling  Ratio  Transform  1 1000/Se/So)3] 

C48 

Motor  Age,  Months 

This  preliminary  assessment  was  limited  to  the  motor  with  the  GT&R 
polymer,  since  they  produced  the  earliest  overall  age-out.  The  motors  with 
GT&R  polymer,  measured  gap  data,  and  excised  sample  testing,  were  a  limited 
population  of  ten.  Because  of  this  small  sample  size,  the  assessment  of 
Equation  (2)  had  to  be  broken  into  parts  with  over  1500  multiple  linear  re¬ 
gression  analyses  being  performed.  The  optimized  regression  equation  was 
found  to  be 


I  4 


Gap  =  2.732  x  10-1  -  1.39  x  10-4  C2  C47  -  3.934  x  10-2  CU  C47  + 

8.635  x  10-3  Ch  C48  .  2.28  x  10-4  C2g  -  7.834  x  10”3  C29  C42  + 

6.79  x  IQ-4  C29  C47  +  7.9  x  10-5  C29  C48  +  6  *  10-6  C2  (3) 


»  4 
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III.  Relation  of  Nipple-Propellant  Gap  to  Property  and  Aging  Variables  (Cont) 

It  was  found,  however,  that  C42  and  C47  were  not  available  as  a  func¬ 
tion  of  motor  age  (£4$).  So,  using  the  data  from  31  aged  motors  with  GT&R 
polymer  and  having  excised  sample  data,  the  following  linear  regressions  were 
found 


C42  = 

2.282  x  10"3  C48  +  1.670 

(4) 

C47  » 

-  2.297  x  10-1  C48  +  5.691  x  101 

(5) 

Combining  Equations  (3),  (4)  and  (5)  gives  the  final  relationship. 

Gap  =  3.17  x  10“7  cjjjg  +  c48  l*  l*57  x  10"4  +  3*2  x  10"5  c2  + 

-.74  x  lO-2  Cu  -  9.5  x  LCT3  C29]  -  7.91  x  10"3  C2  -  2.24  Cn  + 
2.93  x  10-1  2.56  x  10-2  c29  -  2.28  x  10‘4  C29  + 


.■»  V«  -  M  *Vl»  H  ».  v  .  >  'J"W 


-.-L- 


-  S.1V- 


Report  0162-06-SAAS-35,  Appendix  D 


IV.  PREDICTING  THE  RATES  OF  MOTOR  AGE-OUT 


The  ultimate  goal  of  these  efforts  is  to  use  the  developed  relation¬ 
ships  to  predict  the  behavior  of  the  overall  motor  population.  At  this  stage 
the  predictions  apply  (in  a  preliminary  manner)  only  to  the  subpopulation  of 
motors  that  use  the  GT&R  polymer. 


Taking  Equation  (6)  and  inserting  the  age-out  criterion  of  0.03  in. 
for  the  Gap  gives  a  quadratic  equation  for  motor  age,  043.  This  relation 
has  the  following  form 

02^  +  b  C48  +  c  *  0  (7) 

Where 

b  =•  -4.95  x  L02  +  1.01  x  102  C2  +  5.49  x  104  Cn  -  3  x  102  C29  (8) 

c  =■  8.28  x  105  -  2.50  x  104  C2  -  7.07  x  106  Cn  +  8.06  x  104  C29  . 

7.19  x  102  C29  (9) 

The  calculation  of  motor  age-out,  given  the  required  data,  is  accom¬ 
plished  upon  determining  the  parameters  b  and  c  [using  Equations  (8)  and  (9), 
respectively],  then  solving  for  motor  age  (043)  using  the  standard  quadratic 
solution.  The  determined  motor  age  is  that  time  when  the  gap  just  meets  the 
age-out  criterion  of  0.03  in. 


An  example  calculation  of  this  type  was  made  using  the  31  motor  test 
data  (GT&R  polymer)  previously  mentioned.  The  resulting  age-out  predictions 
for  each  motor  were  ranked  in  ascending  order  of  time-to-age-out.  The  frac¬ 
tion  of  the  population,  R(m),  for  the  rath  observation  of  n  total  motors  is 
given  by 


F(m) 


m 

n+1 


(10) 
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IV.  Predicting  the  Rates  of  Motor  Age-Out  (Cont) 

A  plot  of  F(m)  versus  motor  age  is  given  in  Figure  D-7.  The  results 
represent  a  simple  cumulative  distribution  curve  as  expected.  In  addition, 
the  curve  is  compared  with  the  previously  presented  motor  measurement  re¬ 
sults.  As  expected,  the  predicted  relation  is  earlier  in  time  and  falls 
asymptotic  to  the  upper  limit  of  1.0. 

Both  curves  would  be  shifted  to  longer  times  if  an  age-out  criterion 
larger  than  0.03  in.  had  been  selected. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


The  motor  age-out  appears  to  be  predictable  from  the  type  of  test  data 
taken  in  motor  manufacturing,  supplemented  somewhat  by  motor  excised  sampling 
data.  At  least  10  more  motors  should  be  excised  where  gap  measurements  are 
known  and  covering  a  range  of  motor  ages. 

The  age-out  criterion  should  be  reviewed,  possibly  using  these  analyses 
over  a  range  of  values. 

The  small  grouping  of  early  age-out  motors  for  the  Phillips  polymer 
needs  to  be  assessed  further  to  account  for  some  unique  or  overlooked 
conditions. 
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